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EVER SEE A 
SIMPLER, 
SMOOTHER 
MOTOR? 





any angle . . . is roomy... 
easy to get at. Pressure-cast 
rotor has integrally cast fans 

. no welds or rivets... 
there’s nothing to rattle or shake 
loose. Balanced ventilating 
fan is keyed to rotor shaft... 
produces strong blast of cool- 
ing air. Flange 1s counter- 
bored for oil seal. 


@Steel guard directs air stream 
toward stator windings for ef- 
ficient cooling. (2) Pre-lubricat- 
ed ball bearings are simple press 
fit on motor shaft, they require 
no further lubrication for years. 
© Rigid, cast iron frame com- 
pletely surrounds and protects 
stator core. Diagonally-split 
conduit box is adjustable to 





..e-meet Designer's 








“Pypecnyen modern flange motors that 
are real space savers. These motors 
“hug-up”’ tight against your machines... 
help eliminate problems of motor align- 
ment... give your product that stream- 
lined appearance that customers like. 
And your customers can expect a 
new low motor maintenance from now 
on! That's because these improved 
Allis-Chalmers flange motors give them 
this 4-point motor protection: 
1. PRELUBRICATED BEARINGS 
that need no attention for years. 


2. RIGID CAST IRON FRAMES 
that can take hardest abuse. 





3. MULTIPLE DIPPED AND 
BAKED insulation gives extra pro- 
tection against heat and moisture. 


4, ONE-PIECE PRESSURE CAST 
ROTOR has no rivets or welds... 
there’s nothing to shake loose. 


Allis-Chalmers Flange Motors are 
available in C and D flanges and P 
Bases, sizes to 150 hp. Mail the coupon 
for specification sheet containing rat- 
ings, dimensions, etc. 

Whether you need flange motors or 
any type of motors, remember Allis- 
Chalmers! Also matching control for 
any motor. 


ALLIS-CHALMERS 


SOLD — APPLIED — SERVICED BY AUTHORIZED DEALERS, CERTIFIED SERVICE SHOPS, AND DISTRICT OFFICES THROUGHOUT U. S. 


Specifications! 
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! ALLIS-CHALMERS, 1001A SO. 70 ST. } 
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' (J Flange Motor Specification Sheet : 
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---"POWDER METALLURGY TODAY” 


... because it is a relatively brief 








a ea a summary —a quick, but broad and thought- 
ful view—of the field of Powder Metallurgy. 


Only 23 minutes to read... the brochure has pertinent data and 
illustrations ... all on powder metallurgy and its diverse 


applications in industry. 


Truly authoritative yet so simply written as to be fully in- 
formative to designers whose experience has heretofore been 


confined to the older methods of forming metal. 


Fill in the coupon...tear it from the page 
.and mail NOW...a copy wiil be 


sent with our compliments. 





F. J. STOKES MACHI 














F. J. STOKES MACHINE CO. 


5966 TABOR ROAD Please. ..a copy of “POWDER METALLURGY Today”! 
PHILADELPHIA 20, PA. 
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Morse Roller 

Chain Drives 
Morse Silent 
Chain Drives 


Morse Roller 
} Chain Couplings 


Morse Silent 
Chain Couplings 


Morse Morflex 
Couplings 


Morse Morflex 
Radial Couplings 
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Morse Morflex 
Drive Shafts 


Morse-Formsprag 
Clutches 





Morse-Rockford 
Clutches 


A siihen 





Morse-Rockford 
Pullmore Clutches 


ransmission 


Ask the Morse Man for power transmission information! 








100 Morse 
Branch Offices 
and Distributors 
to supply your 
power transmis- 
sion demands. 


Nee ee ee ee ae a a ee 


MORSE 





MECHANICAL 
POWER TRANSM/SSION prooucTs oF | From coast to coast there are more than 100 offices, representatives 
and distributors of Morse Power Transmission products to give 
PRODUCTS you quick information and service when you want it—where you 


want it. Ask the Morse Man first in any case! Check your classified 
phone directory under “Power Transmission” or “Chains” for 
the nearest Morse Man. 
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LOW-CARBON type of 18-8 stainless steel 
with less than 0.03 per cent carbon has been de- 
veloped by the Carnegie-Illinois Steel Corp., 
obviating the customary practice of adding col- 
umbium or titanium to the steel as stabilizers. 
Test samples of this new stainless steel have 
been boiled in 65 per cent nitric acid for 240 
hours without corroding between the grains. 
Mechanical properties are similar to the higher 
carbon grades of 18-8. 


RADIOACTIVE TRACERS are being em- 
ployed at the National Bureau of Standards to 
study the mechanism of electroplating. With 
radioactive chromium 51 tagging either the 
trivalent or the hexavalent chromium ions in a 
chromic acid plating bath, it can be shown that 
the deposit is from the hexavalent state. 


FIBER-GLASS PIPE, which may partially 
replace metal pipe, is tough, light and noncor- 
rosive. Made of sand and synthetic resin it is 
easy to manufacture though costly at present. 


TIMING MARKS every 0.001-second on high- 
speed camera film may be made with a device 
invented at the Naval Ordnance Laboratory. 
A battery-operated fork oscillator drives a six- 
channel power cathode follower which excites 
neon lamps in the cameras. 


SUPERSONIC PROPELLERS for aircraft are 
being developed experimentally, according to 
the Air Force’s Air Materiel Command. The 
propellers are designed for possible speeds up 
to Mach 1.5. 


MACHINABILITY testing of ferrous and non- 
ferrous metals is facilitated by the use of a unit 
produced by the Vanton Equipment Corp. Using 
a standard tool on a lathe or planer, the device 
measures cutting resistance in pounds per 0.001 
square inch for a standardized chip area. Abra- 
siveness effect is determined by measuring the 
abraded flat on a 10-mm test ball brought into 
contact with the work material for a given time 
and pressure. Product of the two measurements 
is known as the Schlesinger machinability index 
and has promise of developing into a valuable 
universal standard. 


BRIGHT SURFACE for metals is obtained 
without mechanical or electrical operations by a 
new process developed by Battelle Institute. The 
metal part is merely dipped into a chemical so- 
lution. When withdrawn a few minutes later 
it is polished to a high mirror-like luster. 


SURFACE FINISHES may be analyzed read- 
ily with the aid of a liquid casting plastic de- 
veloped by Marco Chemicals Inc. The plastic is 
poured over the surface to be checked and solid- 
ifies in about 15 minutes, giving a faithful 
replica of the surface. 


METALLIZED PAPER for use in capacitors, 
originally developed in Germany, obviates the 
use of alternate layers of foil and paper. 


ULTRASONIC ENERGY, high - frequency 
sound waves, can be concentrated in small areas 
where it is difficult to get other forms of 
energy. According to Norman F. Barnes, Gen- 
eral Electric engineer, one kilowatt or nearly 
one horsepower can be concentrated into an area 


a centimeter square. 


KENTANIUM, a material developed by Ken- 
nametal for high-temperature applications, will 
withstand extreme thermal shock while under 
tensile stress. In a test setup, the material with- 
stood 600 cycles during 100 hours of alternately 
heating to 1800 F and cooling to 300 F in 15 
and 30 seconds, respectively, while subjected 
to a tensile stress of 12,500 psi. 


SYNTHETIC MICA, developed by the office 
of Naval Research, can be made in bulk form 
and readily machined to form many electrical 
insulator parts. 


PUNCHES capable of piercing metal the 
thickness of which is as much as twice the diam- 
eter of the punch have been developed by the 
Pivot Punch and Die Corp. A “whipsleeve,” 
pressure cast and shrunk to the punch where it 
tapers into the shank, supports the fracture 
point of the punch, strengthening the punch by 
transferring some of the stresses to the larger 
portion of the shank. The sleeve also serves as 
a guide in the stripper, minimizing vibration. 
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Facts or Guesswork? 


T HAS been stated that among engineers only 10 per cent are pro- 

ficient in higher mathematics. Perhaps this fact accounts largely 

for the failure of many to profit from the multit:dinous advantages 
offered by the various phases of statistical analysis. Today, more than 
ever before, the engineer cannot afford to overlook the possibilities of this 
rapidly growing science. 

Misapprehension that only the “long-haired” research analyst can un- 
derstand and use these methods must be eliminated. For, once the engi- 
neer has opened his mind to this study the utter simplicity of the whole 
concept is apparent. Engineeringwise, it provides a tool of many facets. 
Far from being merely an inspection and production method of quality 
control, it gives a design and testing yardstick which will eventually be- 
come indispensable. . 

Even in simplest possible form, the use of these methods of analysis 
can be of everyday practical value. To help remove the veil of doubt 
MACHINE DESIGN, more than four years ago, presented the rudiments of 
this science to show how necessary refinements in the design of a machine 
could be pinpointed and determined. Prooftesting a new design, prior to 
shipment of the machine, to assure the designer that his judgment as to 
requirements was correct can save many production headaches, avert cost- 
ly redesign and insure customer approval. In the current issue the Editors 
take pleasure in presenting another article which develops this interesting 
subject further. 

Statistical methods also provide data on production operations which en- 
tirely eliminate individual opinions and make possible a sound practical basis 
for establishing design limits and fits. Guesswork in the establishment of 
fits and limits which are practical and economical, as well as in the achieve- 
ment of satisfactory machine functions, cannot long be tolerated in the 
present state of development of the machinery manufacturing field. Sta- 
tistical methods of analysis will prove to be an important key to better 


and more economical design. 
“Me. 


ASSOCIATE EDITOR 
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OO often production of a new machine is start- 

ed or the shipment of the first few units is 

made after running the prototype to discover 
and eliminate obvious “bugs”. Generally, the altered 
machine merely passes the test of an “expert” ob- 
server’s opinion. The degree of failure of such a pro- 
cedure is directly measured by the number and type 
of complaints and further changes that have to be 
made after the first units are in service—and even 
sometimes measured by the fact that your competitor 
seems to be getting the new orders. 

Simple statistical techniques are available to bring 
to almost the vanishing point such customer prob- 
lems. At this point one might understandably smile 
at the idea that one could explain in one article a uni- 
versal technique that can find the bugs on any type 
of new machine that would escape the background 
knowledge, experience and intuition of an expert of 
many year’s standing who has specialized on a par- 
ticular type of equipment. Just to avoid discrediting 
the whole idea at this early point, consider this 
analogy. In the days before all drawings carried 
tolerances, and before micrometers were considered 
standard items of measuring equipment, expert 
fitters were heavily relied upon. Later it became evi- 
dent that a high-priced fitter couldn’t produce as ac- 
curate and as interchangeable a job as a relatively 
new man with a mike. The human or opinion element 
has been aided by factual measurement information. 
Again, it is logical to expect that a man with a micro- 
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Through the use 


control methods, 
actual performa 
level of machi 
may be readily p 
di with accu 
and confidence 


Fig. 1—Above—A statistically analyzed machine can be 
confidently run by the customer—the “bugs” are out 


scope can offer some very revealing information about 
materials to people who have worked for years with 
those materials, but without a microscope. 

Analogies, however, should not be used to reach 
an impractical conclusion. The experts are still use- 
ful and necessary. Give them an extra tool, one that 
replaces intuitive information with numerical charts, 
one that magnifies minor effects, and they then can 
more readily and effectively translate their knowl- 
edge and experience into the corrective action re- 
quired. 

A machine will reveal its own condition provided 
some way is set up to measure the results of what 
the operation is supposed to do, such as turn, broach, 
grind, bore, or cut-off to a certain dimension; fasten 
something together with a certain strength; fill a 
container to a certain weight; plate to a certain 
thickness; or give a certain surface finish; and s0 
forth. In order to translate measurements obtained 
into useful analytical information, they should be 
handled as detailed in the subsequent discussion. 

Measurements usually represent the results of 
chance combinations of innumerable independent 
variables inherent in a process. While a study of 
the successive individual readings can yield some in- 
formation about the capability of the process, trends, 
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effects of trial changes, etc., this type of analysis can 
often mask desirable information, be sometimes ac- 
tually misleading, and always will require a great 
deal more data to reach reasonable conclusions than 
the special statistical methods which will be recom- 
mended. These newer methods are more effective sim- 
ply because the laws of chance, defined by the mathe- 
matics of probability, can assign definite odds to cer- 
tain combinations of numbers regardless of how un- 
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Fig. 2—Above—Thirty individual succes- — 
sive readings are simply tabulated in sets - 
of three each. The values in the “Ave.” 


Fig. 4—Left—Same machine of Fig. 3 is 

now producing to a 0.0058-inch natural 

tolerance (0.00165 x 3.53). This was re- 
duced from 0.017-inch by redesign 


predictable the individual numbers might be. Thus, 
the technique employed consists in comparing the ac- 
tual combinations with the expected. If they agree, 
the laws of chance are operating (the process can 
only be improved by a basic change such as design). 
If they do not agree, there are one or more assign- 
able causes of extra variation operating erratically 
which usually can be rather readily eliminated. 

The combinations which will be discussed are two 
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simple ones—averages of each of several sets of read- 
ings and the range (difference between the highest 
and lowest readings) of each set. 


Measuring Process Capability 


Processes usually give results which vary and which 
are affected by the operator, the material, and the 
machine. Thirty successive items taken from produc- 
tion will yield sufficient information to estimate 
rather well the combined effect of these three factors 
on the spread of values to be expected in the future 
(capability of the process). Following are the me- 
chanics of the plan, accompanied by three illustrative 
case histories: 


1. Get the machine in running order by making 
the obvious and necessary adjustments 

2. Record the measurement of each of thirty suc- 
cessive parts run off. Keep these in groups of three, 
as on the Work Sheet shown in Fig. 2, giving ten 
samples 

3. Add the readings of each sample to get the sum 
and divide by 3 to get average. Take the difference 
between the highest and lowest value in the sample 
to get the range 

4. Total the ten averages. Total the ten ranges. 
Mark off one decimal point on each total to get the 
average of the averages, and the average of the 
ranges 

5. Multiply the average range by 1.02 to get half 
of the total spread of average values to be expected 
by chance from the process. This figure will be used 
as a plus and a minus vaiue control limit either side 
of the average of the averages, Fig. 3 

6. Multiply the average range by 2.57 to get the 
largest range value (control limit) to be expected 
by chance from the process 

7. Plot the ten average and the ten range points 
as in Fig. 3. Draw the three control limit lines. 


If all the points are within the control limits, the 
characteristics of the process which are causing the 
variation in results are operating steadily. There is 
nothing erratic about the results, there are no assign- 
able causes of variation which can be readily found. 
In fact, when this situation exists, you can multiply 
the average range by 3.53 to get the natural toler- 
ance of the process—the total variation to be expected 
in the individual measurements. If this tolerance is 
too great to meet specification requirements, you will 
know that the only way to reduce it is to change some 
feature of the basic process (usually the machine 
design). An inherent variable needs to be reduced 
or eliminated. 

On the other hand, if some of the points are beyond 
the control limits, then an assignable cause of erratic 
(more than chance) variation can usually be found 
and eliminated rather readily. It can be found in 
the operator, the material, or the machine (which 
includes the gaging device which gave the measure- 
ments). 


Finding Machine Troubles 


In those rare instances when an assignable cause 
is indicated and is not easily found, the general pro- 
cedure outlined in the folowing will unearth it: 
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8. List all suspected causes of erratic variation, 
e.g., nonuniform chucking action, erratically sticking 
cam, hardness variation of material, nonrepeatability 
of gage reading, varying amount of stock to be re- 
moved, etc. 

9. Devise a method to measure each of these sus- 
pected causes, e.g., an appropriately mounted indi- 
cator will show the runout of the work as chucked 
each time, or the position of a cam at its critical 
operating point at each cycle, a hardness tester will 
reveal the variation of that physical property in the 
parts processed, using one piece of work repeatedly 
with the gage will show the gage variation, a series 
of micrometer or indicator measurements before the 
operation will show the different amount of mate- 
rial to come off each piece (using unprocessed pieces 
from the same source as the thirty already proc- 
essed), etc. 

10. Take thirty readings of each suspected cause, 
and handle these readings as in steps 2 through 7 
in the foregoing procedure 

11. If all the average and range points are within 
the control limits, cross out that suspected cause 
from your list. A characteristic that is running or 
varying in accordance with pure chance will nor- 
mally have a pure chance effect on the results of 
the process, and thus it will not be an assignable 
cause of erratic variation. If all the suspected causes 
are thus crossed from your list, you have not sus- 
pected the right one. Guess again, or call in other 
experienced personnel to guess 

12. If all the points are not within the control lim- 
its then, more likely than not, that cause is as- 
signable. Take appropriate steps to bring its varia- 
tion back into a chance pattern, and then recheck 
your final desired product to see if the evidence of 
all assignable causes has now disappeared. 


Machine Clamp Redesigned 


A difficulty was being experienced with the cut- 
ting of an external thread in that the thread miller 
employed did not seem to be able to hold variation 
within the plus or minus 0.003-inch of the specifica- 
tion. Thirty successive pieces were measured with a 
dial indicator gage, and the results entered on the 
Work Sheet of Fig. 2. The sums, averages, and 
ranges were computed for each three successive read- 
ings and the results were plotted on the control chart 
of Fig. 3. 

Addition of the control limits, which were computea 
as described in the foregoing, to this control 
chart immediately reveals that the process is run- 
ning within control but that its inherent variation is 
too great for the specification requirements. As is 
shown on the Work Sheet of Fig. 2, multiplying the 
average range by the factor 3.53 shows that the 
natural tolerance of this process is 0.017-inch, against 
the specification value of 0.006-inch. 

The machine designer in this particular instance, 
therefore, was on the lookout for a major cause of 
inherent variation in his machine that required re- 
designing. He found that the clamping mechanism 
utilized to retain the head in its preset position was 
far too fragile to resist the loads imposed upon the 
head by the cutter. Clamping the head merely pro- 
duced a bending action in the mechanism, the fric- 
tional holding power developed by the clamp being 
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very small, thus permitting an inherently wide varia- 
tion from the set position. 

This condition was remedied by redesigning the en- 
tire clamp arrangement. The resultant production of 
the next thirty pieces gave the control limits shown 
in Fig. 4. The multiplication of the average range 
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by the factor 3.53 now gives a natural tolerance of 
0.0058-inch. The four additional samples, beyond the 
first ten of three each, continue to show that this 
machine now has the capability of holding within 
the desired specification limits. The inherent ma- 
chine variable has been eliminated. 


CONTROL_CHART 








An operator now need only continue such a chart 
with these control limits and watch for the first point 
that may in the future fall outside one of them. Such 
a situatidbn will more than likely be found with a 
sample of three pieces that are still all within the 
drawing limits but which have an average or range 
value that shows that something not characteristic 
of past results is now happening. This something 
could well be a dull cutter, a misadjustment in the 
machine, something going wrong with the clamping, 
etc. The operator soon learns with experience which 
of these easily correctable difficulties is correlated 
with the type of out of control situation he encoun- 
ters on the control chart. 

Note that in Fig. 4 the scale has been blown up as 
compared to that of Fig. 3. An important point is 
thus illustrated. The scale used must be of such 


magnitude that the results can be clearly seen. When 
the natural tolerance was as much as 0.017-inch, a 
scale for average values of a half a thousandth for 
each line and for range values of 0.002-inch for each 
line was ample. 


On the other hand, as natural toler- 

































Fig. 8—By the clever use of indicators, one can not only 

measure the variations characteristic of any suspected 

cause of erratic variation, but also determine the “capa- 

bility’ or general performance level and “natural toler- 
ance” of the whole machine 


ance of the process was decreased it became neces- 
sary to use a finer measuring device and each line 
on the average chart now stands for 0.0002-inch, and 
the range scale utilized became 0.001-inch for each 
line. 
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Erratic Chucking Action 


The left-hand side of Fig. 5 represents another type 
of difficulty found in a machine design. Here, the 
first ten samples showed one range point and two av- 
erage points out of control. The machine, therefore, 
was not operating with a variation characteristic 
only of its design in that these out of control points 
were evidence that something was very erratic. An 
investigation revealed that the assignable cause was 
a chuck that would not always hold the work equally 
tightly, although it seemed so to the operator. The 
right-hand portion of Fig. 5 shows the results of ten 
successive samples after the chuck was taken apart, 
cleaned up, and reassembled. It is a matter of in- 
terest to note that the machine setting had been 
dropped from a value of 314 units to 2% units in the 
process of correcting this machine. 


Machine Gaging Important 


A three part story of machine design capability is 
represented in Figs. 6 and 7. Fig. 6 shows an at- 
tempt to use a lathe to hold a shoulder position on a 
ground taper to a gage diameter of 0.168 to 0.176- 
inch. The natural tolerance of the process from the 
first ten samples was over 0.025-inch. Simply by 
changing the type of gage the operator used to con- 
trol his work, this figure was reduced to between 
0.016 and 0.017-inch. In other words, the human 
factor of the operator’s reading of the gage in ad- 
justing his lathe for each piece is an important ele- 
ment of this process. In each case there were no 
assignable causes present, i.e., there was nothing er- 
ratic about the process, the inherent variation in the 
second run having been reduced by a basic change 
in the gaging which was a guide for controlling the 
operation from piece to piece. 

At this point it was decided that the lathe could 
not hold to the required tolerance and a different 
type of machine was needed. Fortunately, the solu- 
tion here was not extremely involved. Instead of 
forming the shoulder to the ground taper it was de- 
cided to form it to the rough turned taper, and then 
grind the taper to the shoulder. This reversal in the 
sequence of operations it was reasoned should per- 
mit the holding of this dimension within limits. Fig. 
7 shows the chart for the ten samples run on the 
grinding machine. The natural tolerance from these 
data is computed as 0.0067-inch. 


Proof Test Machine Prototypes 


Once the machine designer recognizes the practical 
value of determining the natural tolerance of each 
prototype design from running thirty pieces, Fig. 8, 
it can be readily seen that he can confidently predict 
the level of machine performance. It follows log- 
ically that a copy of such a chart should be furnished 
the user of the machine. Such a report of the quality 
to be expected from the output of the machine is cer- 
tainly a service that the manufacturer can well af- 
ford to give his customers in return for some excel- 
lent good will and confidence. 
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Magnetic linkage between diaphragm and in- 
dicating pointer in the pressure gage illustrated in 
cutaway view, above, makes the instrument sensitive 
to the slightest pressure change. Designed by F. W. 
Dwyer Manufacturing Co., the gage utilizes a perma- 
nent magnet to translate the motion of a flexible 
diaphragm into rotary motion of the pointer. The 
diaphragm is supported by a cantilever spring on 
which is mounted the magnet. A flat strip twisted in 
the shape of a helix forms the shaft of the pointer 
and is located between the poles of the magnet in 
such a way that vertical motion of the magnet re- 
sults in rotary motion of the shaft. This action is 
frictionless, the force of the magnet causing the 
helical assembly to assume a position in which the 
magnetic force can travel through a minimum air 
gap. The action is so sensitive that motion of the 
magnet as small as 0.0003-inch are reflected in min- 
ute movements of the pointer. 


Precise corrections for errors in time intervals, 
measured by commercial timers, are indicated and 
recorded on the frequency-error indicator illustrated 
at right. The momentary deviations in frequency in 
city power lines cause corresponding errors in in- 
terval timers because they are driven by synchronous 
motors. The correction system which depends on 
the frequency-error indicator has an accuracy of 
0.01-second, extending the usefulness of interval 
timers to the realm of precise measurements. 
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SCANNING the Field! For 






The cumulative error, arising from 
the variations in the frequency of 
the power supply driving the timer, 
is obtained over the period of ob- 
servation by comparing the speeds 
of the two black synchronous motors 
shown in the photograph. One is driven 
by the power line and the other by a 
standard crystal-controlled frequency. 
Any difference in the speeds of the two motors re- 
sults in motion of the differential gear mounted on 
the shaft between them. Thus, the position of the 
gear shaft at any instant depends on the total accu- 
mulated frequency error in the power line. The shaft 
is connected to indicating dials which are calibrated 
to give the errors in seconds and hundredths of a 
second. A transmitter selsyn on the other end of 


































the shaft transmits the angular motion of the dif- 
ferential gear shaft to a receiver selsyn which oper- 
ates a recording unit. The power amplifier in the 
foreground amplifies the crystal-controlled frequency 
for driving the standard synchronous motor in this 
instrument designed by R. E. Gould and H. A. Bow- 
man at the National Bureau of Standards. 


Unit assembly of a rotary seal into a cartridge, 
below, eliminates the usual precision fitting on ma- 
chines and provides for easy replacement in the field. 
As designed for a refrigerator compressor, the seal 
unit is slipped onto the shaft and the flange is gas- 
keted to the housing. All parts of the seal are con- 
tained in the cartridge including stator rings, rotor, 
bellows and spring. The rotor is either Nitralloy 
or Malcomized stainless steel with a special Neoprene 
insert. This insert fits snugly on the shaft, a rough 
turned finish being sufficient, just so there are no 
burrs. The sealing faces on the rotor are lapped to 
a flatness accuracy of 0.00001-inch as are also the 
mating bronze or carbon stator faces. In actual 
operation the rotor insert, in this seal manufactured 
by Cartriseal Corp., grips the shaft effecting a seal 
even though axial movement of the shaft may be 
as much as one or two thousandths. Under excessive 
axial movement, however, the rotor may move to 
readjust itself without injury to the molded com- 
pound. 
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Oil-pressure method for mounting or dismount- 
ing large bearings and other interference fits vir- 
tually eliminates friction between contact surfaces, 
making the operation a matter of minutes and pro- 
tecting the parts against unintentional abuse. De- 
veloped by SKF Industries Inc., the system involves 
introducing oil from a hand operated pump between 
the shaft and the bore of the bearing so that the 
ring is expanded to “float” on the oil film. Friction 
is reduced to one or two per cent by oil injections 
which seldom exceed a pressure of 5000 psi. 

Dismounting of bearings with cylindrical bores is 
readily accomplished, but the principle is even more 
effective when used with parts having mated tapers. 
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The arrangement for a cylindrical bore is shown at 
a, at left. The oil port—a radially drilled hole con- 
nected to a peripheral groove in the shaft seat—is 
close to one side of the bearing. This off-center loca- 
tion is in the same direction as the motion when 
stripping a bearing from its seat. Despite the port 
location, however the bearing usually will not come 
completely off its seat because the oil film cannot be 
maintained by small areas. A small force is needed 
to remove the bearing the remaining short distance 
of the fit. 

Arrangement for dismounting a taper-bore bear- 
ing is shown at b for a standard 1 to 12 taper. When 
oil pressure is applied to the bore, a safety stop is 
necessary to prevent overtravel. In mounting a 
taper-bore bearing, the component axial force from 
hydraulic pressure must be taken into account. 
Actual measured force to accomplish assembly is 
usually 20 to 30 per cent greater than the theoretical 
force calculated to effect the displacement. 


Strain gages, mounted in the form of a Wheat- 
stone bridge on the reduced section of the shaft in 
the instrument, below, are employed to measure 
torques applied to the shaft. Designed by Baldwin 
Locomotive Works to use SR-4 bonded resistance- 
wire gages, the instrument has the grids of the gages 
placed at 45 degrees to the longitudinal axis and con- 
nected so that the effects of bending and thrust 
stresses are automatically cancelled while the effects 
of torsion stress are cumulative and cause a propor- 
tional bridge unbalance. Corners of the bridge are 
connected to four insulated slip rings through which 
voltage is supplied to the bridge and its output is 
measured. This type of instrument has been found 
useful for torque measurement in automotive and air- 
plane engines as well as in a variety of other appli- 
cations such as handwheels, pumps, compressors, 
and fans. 
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Self-renewing filter system, above, developed 
experimentally by the Commonwealth Engineering 
Co., has high oprating efficiency and requires a mini- 
mum of maintenance. Completely automatic, the 
system works efficiently with all types of solutions— 
even difficult slimes such as those from cyanide plat- 
ing tanks and solutions containing iron and aluminum 
hydrides. A revolving drum with a perforated sur- 
face is coated with a filter aid of a diatomaceous or 
comparable type. Submerged in the filter tank, the 
drum has a vacuum applied to its interior which 
draws the solution into the drum and leaves the im- 
purities trapped in the filter cake. Clear filtrate 
is piped back to the process. 

To accomplish self cleaning, the drum revolves 
against a blade set at the top to remove the spent 
filter layer and to deposit it on a conveyor. Behind 
the blade is a slurry chamber, depositing a fresh 
filter layer on the drum as the spent layer is re- 
moved. Unusually high flow rates have been achieved. 
For example, using aqueous solutions, the pilot ap- 
paratus illustrated has reached a flow of five gallons 
per minute per square foot of filter during sustained 
operation. 
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FAY sat comp oil must be considered as an essen- 
tial component of hydraulically controlled 
° (Cae by proper selection of oil machines and should Reagent with the same 
and careful design of components careful thought given to other components which 
comprise a modern machine. This discussion will be 
devoted primarily to petroleum oil as a hydraulic- 
fluid medium, covering the essential characteristics 
of hydraulic oils, the deteriorating influences to 
which they are subjected in service, the potential 
effects of these influences on the service life of the 
oil, and the characteristics required of an oil for satis- | ; 
factory performance. Also, mechanical factors af- ' 
fecting the satisfactory performance of hydraulic | , 

v 

p 


— -— —_— FS oo ots SS hUCUrrekhClC UY 


fluids will be considered. 

Much has been said in recent years about the out- 
standing weaknesses of hydraulic design from the | , 
users’ viewpoint. Builders and their designers wel- | , 
come such criticism as constructive and essential to | ;, 
continued progress in the improvement of hydraulic p 
mechanisms. In this spirit this article points out | y 
weaknesses observed by lubrication engineers, which | 4; 
particularly affect hydraulic oil performance and j ;, 
makes suggestions as to improvements in design | y 
which should help to eliminate or, at least, to mini- | » 
mize some of the prevalent difficulties. es 

Although petroleum oils are not ideal hydraulic | tp 
fluids they are, generally speaking, superior to any- | tt 
thing else available today. Water, because of its | of 
lack of wear-preventive and rust-preventive qualities | re 
is unsuitable for use in the majority of hydraulic | of 
systems. Its use is confined to large installations in | er 
metal-processing industries where space and weight | ur 
factors allow for generous design of rubbing parts 
and where the amount of fluid involved make the | te 
use of oil uneconomical. ca 

Considerable attention is being given to the de- | an 
velopment of synthetic lubricants. Need for this | pr 
type of hydraulic medium has developed where 4 j an 
fire hazard exists, making the high-ignition tem- | di 
peratures of synthetics desirable. However, high | me 
cost of synthetic fluids, combined with their inability | en 
to meet certain essential operating requirements, | de 
has greatly limited their use. me 

Hydraulic fluids must be capable of serving effi- 
ciently for long periods under highly severe operat- | me 
ing conditions without radical change from the re- | In 
quired initial characteristics. Only such oils can | thi 
give continued satisfactory performance and insure | He 
the fullest possible realization of the potential ad- | of 
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vantages of hydraulic systems. To fully appreciate 
this fact, it is necessary to consider the essential 
nature of hydraulic oils and the importance of each 
individual characteristic. This involves two broad 
considerations; first, the influence of various oil 
characteristics on the performance of hydraulic sys- 
tems; second, the contribution of certain qualities 
toward resisting detériorating influences encountered 
in service. 


ViscosITY: Viscosity of the oil must be such as 
to insure free flow throughout the system, with 
prompt response of controls and cylinders or fluid 
motors. An oil too heavy in body will flow sluggishly 
with consequent sluggish machine action and lost 
production. The relatively high resistance to flow 
results in high fluid friction which is overcome only 
at the expense of wasted power. The useless work 
is converted into heat as indicated by increased tem- 
peratures, and this heat accelerates oil deterioration. 
Under extreme conditions, such as low temperature 
at start up, the oil may be too heavy to flow freely 
into the pump suction. This results in cavitation, 
which is indicated by noisy pump operation and 
may result in damage to the pump. In intial phases, 
cavitation may be spasmodic, probably due to the 
thinning and relatively free flow of oil adjacent to 
the hot pump alternating with the much slower flow 
of more remote oil. This results in intolerably er- 
ratic machine action which can be overcome, short 
of changing oil, only by running the machine long 
enough to thin the oil by frictionally generated heat 
until proper operation is possible. 

If an oil is too light, excessive leakage, both in- 
ternal and external, may result. Internal leakage, 
called “slip,” tends to occur between the stationary 
and moving parts of pumps and between the high- 
pressure and low-pressure sides of pistons, vanes, 
and valves. This is most important with variable- 
displacement pumps where any decrease in volu- 
metric efficiency must be compensated for by length- 
ened pump stroke with consequent increase in power 
demand. Inability to develop full system pressure 
may also result. 

The volume of oil delivered by a constant-displace- 
ment pump normally exceeds system requirements. 
In this case, slip merely results in less oil passing 
through the relief valve and there is no power loss. 
However, the fluid friction resulting from the forcing 
of oil through restricted passages causes increased 
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heating, which not only thins the oil so as to in- 
crease slippage but also accelerates its deterioration. 


ViscosITy INDEX: In addition to suitable viscosity 
at operating temperatures a hydraulic oil should have 
a good viscosity index in order to minimize cold 
start-up troubles and reduce the length of “warm-up” 
periods. The graphs shown in Fig. 1, represent five 
hypothetical oils each having a viscosity of 150 
SSU at 100F, but differing in viscosity index as 
shown. In studying the points of main importance 
on these graphs it will be noted that the effect of 
varying viscosity indexes is not as great as might 
be anticipated, considering the emphasis which has 
been placed on the subject during recent years. 

Referring first to the variations at 130 F, which 
is taken as the generally observed maximum bulk 
oil temperature in hydraulic systems under normal 
operating conditions, it is obvious that the dif- 
ferences shown are of no practical importance for 
production machine systems. Considering next the 
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Fig. 1—Influence of viscosity index on viscosity at significant 
system operating temperatures 





Fig. 2—Comparative wear of pump vanes. Shown, left to 

right, vane tested with straight mineral oil, two with addi- 

tive oils, and a new vane. Runs were for 1000 hours 
under accelerated test conditions 
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lowest temperature at which the various oils reach 
the generally accepted maximum of 4000 SSU, it is 
noted that this does not occur even with the zero VI 
(viscosity index) oil until the temperature drops to 
22 F. From this it can be assumed that any oil hav- 
ing a viscosity of 150 SSU at 100 F qualifies as to 
specified fluidity at the lowest temperature likely 
to prevail in a shop. 

The effect of viscosity differences at 40 F, which 
is taken as the lowest probable start-up temperature 
in a production shop, must be considered in greater 
detail. The most practical basis for comparison is 
to consider the zero and 20 VI oils paired against 
those of 80 and 100 VI. There is much operating ex- 
perience to show that the difference between low 
VI (zero to 20) and ordinary high VI (80 to 100) 
oils may mean an additional hour or more of warm- 
up time before acceptable operation can be secured. 
This applies particularly to high-speed internal grind- 
ers, diamond borers and similar rapid-cycling, high- 
precision, viscosity-sensitive machines. While it is 
questionable that any great benefit could be de- 
monstrated on any but the most sensitive production 
machine by a 100 VI oil over an 80 VI oil, recent 
emphasis on this characteristic has resulted in oils 
of over 90 VI becoming generally available. Their 
use will insure highly satisfactory starting character- 
istics on viscosity-sensitive machines, with no sac- 
rifice of essential physical properties. 


Higher Indexes Require Additives 


The 150 VI oil has purposely been left for special 
consideration. Viscosity indexes appreciably in excess 
of 100 can be secured only by the use of special ad- 
ditives. These are called “VI improvers” and consist 
of long chain hydrocarbons which of themselves have 
high viscosity indexes. When added in proper propor- 
tion to straight mineral oils selected because of re- 
sponsiveness to such additives, they materially reduce 
the extent of variation in viscosity with variation in 
temperature. 

Exceptionally high viscosity index is an indispens- 
able characteristic for hydraulic fluids exposed to 
wide extremes of temperature variation, as in air- 
craft. However, there is an important considera- 
tion which prevents their widespread adoption for 
machine tool systems. The long chain hydrocarbon 


additives tend to break down when subjected to fre- 
quent passage through close clearances at high pres- 
sures over long periods of time. Under such condi- 
tions, they may be permanently reduced in viscosity, 
Such reduction may approach 30 per cent, carrying 
with it the danger of decreasing the viscosity of the 
entire oil batch below that required for safe opera- 
tion. This consideration indicates that a viscosity 
index between 90 and 100 is about the practical limit 
for today’s hydraulic oils for all types of production 
machines. 


PouR POINT: Considering the conditions under 
which hydraulic systems usually operate, the pour 
point of hydraulic fluids is of no practical concern. 
All wils now used as hydraulic fluids have pour points 
well below 32 F. Special oils are available for appli- 
cations involving lower temperatures. An important 
precaution in this connection is not to rely on pour 
point alone for insuring adequate fluidity. Some 
heavy oils and those having poor viscosity indexes 
may have exceptionally low pour points, but their 
fluididity at low temperatures is actually comparable 
to “molasses in January.” Correctness of viscosity 
for the pertinent temperature range and of viscosity 
index must both be considered along with pour point 
whenever the latter is a critical consideration in the 
system operation. 


FILM STRENGTH AND LuBRICITY: These two char- 
acteristics are so interdependent in minimizing fric- 
tion and wear that they may be considered together. 
Before proceeding to define these terms, it is per- 
tinent to consider the two general classes of lubricat- 
ing films that may exist. Under favorable operating 
conditions and with an ample supply of a properly 
selected oil, a full-fluid film can be maintained. Such 
a film completely separates the relatively moving 
surfaces, eliminating metallic friction. The only fric- 
tion to be considered is that due to resistance to 
shear within the fluid oil. Insofar as friction reduc- 
tion is concerned, correct viscosity is the only char- 
acteristic required as long as full-fluid-film lubrica- 
tion prevails. 

Under heavy unit pressures, poor film forming con- 
ditions or scanty oil supply, full-fluid lubricating films 
cannot be maintained. Slight increases in pressure, 
shock loads, vibration or increased temperature tend 
to cause film rupture at the highspots on the rubbing 
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surfaces, resulting in more or less extensive metal-to- 
metal contact. This general set of conditions is re- 
ferred to as boundary lubrication and, when they pre- 
vail, the film strength and lubricity characteristics of 
the lubricant are highly important. 

Film strength is the property of a lubricant that 
enables it to maintain protective films on the rubbing 
surfaces of machine parts under conditions of bound- 
ary lubrication, and is essential in order to pre- 
vent execessive wear, scoring and seizure of the 
parts. Lubricity, also referred to as oiliness or slip- 
periness, is the property of an vil which reduces 
the coefficient of friction under boundary film con- 
ditions, and so contributes to the smooth movement 
of rubbing parts. A proper combination of both of 
these properties is required in order to secure efficient 
results. 


Adequate Film Strength Prevents Wear 


If an oil does not have sufficient film strength 
to resist rupture under prevailing pressures, serious 
wear of pump-elements and other rubbing parts is 
likely to occur. Wear of pump vanes or pistons and 
of valves results in increased clearances with the 
same effects as when too light an oil is used—viz, 
slippage, pressure loss, high temperatures and thin- 
ning of the oil, with further increase in wear—a 
vicious cycle which will do costly damage if not halted 
by mechanical adjustments or the use of an oil better 
suited to the prevailing conditions. Piston rods are 
also subject to wear. When badly worn or scored 
they make it virtually impossible to prevent leakage 
at piston glands. 

It is fortunate that properly selected additives in 
double-inhibited oils (discussed later) materially en- 
hance film strength, thus giving added protection 
against wear. Such additives also seem to have some 
beneficial effect as to lubricity. This, in addition to 
the inherent lubricity of suitable mineral-base oils, 
insures smooth operation of hydraulic systems in the 
majority of applications. 

CHEMICAL STABILITY: This characteristic is un- 
doubtedly the least understood property of petroleum 
oils as well as the most difficult to explain. It may 
be broadly defined as the ability of an oil to resist 
combination with oxygen to form deposits of gum 
or sludge. Oxidation and the consequent formation 













































of such gums or sludges is one of the major 
of trouble in hydraulic systems. It is not wi 
scope of this article to present an involv; 
sion of the phenomenon of oxidation. 
is pertinent to discuss briefly the maj 
oi! oxidation in hydraulic systems, with 
those which can be controlled, to 
through the co-operation of machine desi 
ers, operators, lubrication, and maintena 
neers. 

In order for oxidation to occur, the oil must have in- 
timate contact with oxygen. This is facilitated by the 
tendency of mineral oils to dissolve air. The amount 
dissolved varies with temperature and pressure. For 
example, at 77F, under atmospheric pressure, one 
gallon of oil will dissolve 23 cubic inches of air; 
at the same temperature but under a pressure of 
200 psi, one gallon will dissolve 322 cubic inches of 
air. 

The principal sources of air in hydraulic systems 
are: Entrainment by return oil dropping and splash- 
ing into the reservoir; entrance through the pump 
suction, either because of pin-point holes or poor 
connection in suction lines, or because the oil level 
drops low enough to uncover the inlet; careless addi- 
tion of makeup oil, permitting a high drop with ex- 
cessive splashing; and leakage around packings at 
low-pressure points. 

Effect of Temperature: Rate of oxidation tends to 
increase rapidly with increasing temperature. Un- 
der normal operating conditions the temperature of 
oil in a hydraulic system reservoir usually ranges 
from 100 to 130 F. However, cycle characteristics 
may cause considerably higher temperatures. In con- 
stant-volume systems, prolonged dwell, short strokes, 
or other conditions resulting in much oil passing 
through the relief valve may result in reservoir tem- 
peratures as high as 180 or even 200F. The im- 
portance of temperature will be appreciated when it 
is recognized that the rate of oil oxidation approxi- 
mately doubles with each temperature increase of 
18 F. 

High temperatures may be generated in variable- 
volume pumps due to excessive slippage in the sys: 
tem, and also when the oil is subjected to frequently 
repeated reversals as in some duplex broaches. In 
such systems, a portion of the oil is “short-circuited” 
between the reversible pump and the cylinders so 








that it is continually affected by the frictional heat 
generated by passage through restricted parts of the 
system. Under these conditions, the trapped oil tends 
to oxidize rapidly and high chemical stability is more 
important than under less severe operating conditions. 

Another cause of accelerated oxidation that in- 
volves high temperatures is the compression of free 
air in the system. The entrainment of air and the 
variation of the amount of air held in solution with 
changes in pressure have been referred to previously. 
A considerable part of the air in solution at high 
pressure drops out as free air when pressure is re- 
leased, forming relatively large bubbles. Unless these 
bubbles break out of the oil before again entering 
a pressure phase they are rapidly recompressed. 

Compression of air from atmospheric to 200 psi, 
for instance, results in an adiabatic flash temperature 
of 672 F; similarly, a pressure of 1000 psi means a 
flash temperature of 1300 F. It should be under- 
stood that these are closely localized temperatures 
and that the quantity of heat in each bubble is ex- 
tremely small so that there may be no appreciable 
effect on the bulk temperature of the oil. Neverthe- 
less, the high local heat tends to accelerate oxidation 
of the surrounding oil. The effects of such influences 
are cumulative, and if continued over a sufficient 
period of time, will contribute materially to serious 
oxidation of the entire batch of oil. 


Metallic Contact Speeds Oil Breakdown 


Another source of local hot spots is the metallic 
friction that may occur in various parts of the 
system. It was previously stated that with a suitable 
petroleum oil in service, wear is not, generally speak- 
ing, a major problem of hydraulic-system operation. 
However, ary metallic contact and resultant wear 
is accompanied by generation of heat. Partial metal- 
lic contact is inevitable, particularly under high 
pressures. It occurs at high rubbing speeds in vane 
and gear-type pumps, and on close-clearance recipro- 
cating parts of piston pumps, spool-type valves and 


Fig. 5—Oxidation-inhibitor life of various oils with ad- 
ditives as indicated by results of ASTM oxidaton test 























cylinders. Obviously the more often a given drop 
of oil passes through such hot zones the sooner it 
becomes badly oxidized, which indicates the impor- 
tance of rate of circulation as a factor in hydraulic 
oil oxidation. 

Oxidation Promoters: This is a term coined to iden- 
tify certain types of impurities which act somewhat 
like catalysts in accelerating oxidation. Among the 
common sources of oxidation promoters are atmos- 
pheric dust and dirt which enter the reservoirs 
through breathers or open covers. Dirty containers 
used for storing or transferring oil to machines are 
frequent sources of contamination. Rust and some 
types of paint particles, which may drop into the 
reservoir or be washed from other ferrous parts of 
the system, have a strong catalyzing effect. Wear 
particles also act as catalysts—another interesting 
example of the cumulative effect of small local in- 
fluences on oil oxidation. 

Oxidizing effect is most pronounced where small 
oil volume, frequent cycling, continuous flow through 
relief valves and other conditions promoting tur- 
bulence tend to keep the particles in suspension and 
dispersed throughout the oil. These conditions pro- 
mote maximum surface exposure of oxidation pro- 
moters to the oil and are, therefore, most effective 
in catalyzing oil oxidation. When high temperatures 
and accumulation of oxidation promoters occur con- 
currently in a system, only an oil of highest chemical 
stability will serve for extended periods without ex- 
cessive oxidation. 

Demulsibility: Water may be present in hydraulic 
systems due to leaks from water coolers but accu- 
mulates more commonly because of condensation of 
atmospheric moisture. Unless the water separates 
readily from the oil, it is entrained and carried 
through the system where churning by the pump, 
and the homogenizing ef*ect of control and operating 
components, tends to promote the intimate mixture 
of oil and water called an emulsion. The water con- 
tent in an emulsion has several bad effects: It 
reduces the lubricating effect of the fluid medium; 


Fig. 6—Results of the Vickers circulation test, 1000 hours 
under simulated service conditions on same oils as used 
in ASTM test. These results are not sufficient to indicate 
the superiority of one additive type oil over another as 


to potential service life 
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it promotes rusting; and accelerates oxidation. Per- 
sistent emulsions eventually develop into slimy, sticky 
substances which foul pumps, controls and cylinders, 
deposit in oil lines and passages, and eventually make 
it impossible to operate the machines. In order to 
prevent these results, it is essential that a hydraulic 
oil have the ability to separate quickly and completely 
from water. Most reasonably well-refined oils have 
this ability when new. However, only those oils 
having exceptionally high chemical stability retain 
good demulsibility over long service periods. 

Effect of Rust: Since most parts of the system 
are covered with oil as soon as the machine goes into 
operation, rust formation during operation is probably 
not the major factor of the rust problem. 

Condensation of moisture on unprotected metal 
surfaces during shipment or storage, or machine 
down-time, is a logical cause of the heavy rust de- 
posits which cause serious troubles. The surface 
layers of finely divided rust are picked up by the oil 
and carried through the system. In this form rust 
acts much like sludge, which it resembles, in forming 
deposits in pumps, control valves and cylinders tc in- 
terfere with the functioning of these parts. Obstruc- 
tion of filters may also result. Rust in any form is 
highly effective in promoting oxidation, but partic- 
ularly when finely divided. Larger rust particles 
carried into the system can cause severe scoring of 
pump parts or other moving parts of the system. All 
of these indicate the need for hydraulic oils having 
rust inhibiting properties. 

Resistance to Foaming: The phenomenon of foam- 
ing in connection with petrolevm oils has been sub- 
jected to much study and research, which has estab- 
lished that there is little variation in foaming ten- 
dencies between unused straight mineral hydraulic 
oils of the same viscosity. However, changes in 
characteristics due to oxidation, the entrainment of 
moisture of solid impurities, contamination by cut- 
ting fluids, grease, or heavy lubricating oils will all 
increase tendencies toward severe persistent foaming. 
Improperly selected additives may also aggravate 
foaming tendencies. Defoamants may be used to pro- 
vide some reduction in the foaming tendencies of 
an oil but the better remedies are to use oils of ex- 
ceptionally high chemical stability, keeping them 
clean and keeping air in the systems to a practical 
minimum. 


Additives Improve Oil Performance 


High-quality straight-mineral turbine-type oils were 
found entirely satisfactory for most of the conditions 
encountered in hydraulic systems prior to the war. 
In many plants, however, extremely severe conditions 
imposed by continuous full-capacity production, with 
insufficient opportunity or manpower for proper main- 
tenance were responsible for oil deterioration, rusting, 
and other troubles to an extent never before ex- 
perienced. This led to a demand for better resistance 
to oxidation and rust formation which was met by 
the development and use of various additive ma- 
terials. 

Additives have three principal functions: To inhibit 
oxidation, to minimize rusting and to reduce wear. 
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Following is a brief general explanation as tat 
these effects are secured. 


OXIDATION INHIBITORS: As’-previously” 
oil oxidation is due to combination of oxyg 
unstable or “unsaturated” hydrocarbons i 
Under sufficiently severe and prolonged 4 
tions of high temperature, severe shear stm 
the accelerating influences of catalysts, evém the m 
stable molecules of highly refined hydrauli¢é™ 
decompose into less stable forms. In any event oxi- 
dation may have two possibly harmful results. One 
is the formation of acidic materials which, in the 
presence of moisture and through hydrolysis, may 
attack and corrode metal surfaces; the other is the 
formation of large molecules, which first tend to in- 
crease oil viscosity and then proceed progressively to 
form increasingly larger molecules until thin, lacquer- 
like coatings or heavy, sticky sludges result. 

The acidic products of oil decomposition make it 
possible to determine the extent and check the prog- 
ress of oxidation by recording the milligrams of an 
alkali (KOH) required to neutralize the acids in one 
gram of oil. Results of this test are recorded as 
“neutralization number.” Oxidation inhibitors are 
considered as functioning, most probably, by in- 
terruping the chain reaction of oxidation, thus 
preventing oxidation from progressing beyond the 
primary stage in which the oxy-materials are harm- 
less. Some types of inhibitors tend to dezctivate or 
“poison” catalysts, thereby minimizing oxidation. 


Inhibitors Selected Carefully 


There are two general classes of oxidation-inhibited 
oils. One type is made by adding an inhibitor to an 
inherently unstable mineral oil selected because of 
good “inhibitor response’, i.e., the ability to com- 
bine readily with inhibitors so as to secure enhanced 
resistance to oxidation. If an effective inhibitor is 
used, such an oil may show up very well in labora- 
tory tests and perform well in actual service during 
an initial period. However, since the inhibitor func- 
tions by chemical activity, it becomes depleted after 
a period varying with the nature of the inhibitor and 
the severity of oxidizing influences. This is referred 
to as the induction period, the time required to de- 
velop measurable increase of neutralization number 
in an oil. When the induction period is over, oxida- 
tion proceeds rapidly with an oil of this type due 
to lack of chemical stability in the base oil. 

A better type of oxidation inhibited oil is a combi- 
nation of an exceptionally stable mineral oil and care- 
fully selected inhibitors. Such mineral oil must also 
have good inhibitor response in addition to high 
chemical stability. Additives are then selected on 
the basis of compatibility and activity. 

Among the best known tests for determining 
neutralization number and induction time is the 
ASTM Oxidation Test. The results secured with four 
oils are shown, Fig. 5. Oil A is a top-quality straight- 
mineral hydraulic oil. Such an oil has been run almost 
continuously for many thousand hours in hydraulic 
systems, retaining neutralization numbers below 1.0. 
Yet, the ASTM Test is so highly catalyzed that this 
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il attains the prescribed neutralization num- 
in approximately 150 hours, and increases 
12.5 in about 245 hours. This indicates 
tural inhibitors, even in a top-quality 
ral oil, are incapable of resisting the 
ing influences of this test. 

ineffective combination of a base oil 
ibitor. The indications are that. the in- 
a very brief induction period (time re- 
quired to develop measurable acidity in an oil) and 
the combination of this inhibitor and a base oil gave 
practically no greater oxidation resistance than 
straight mineral oil A. 

Oil C is a somewhat better combination of base 
oil and inhibitor. Here the induction period is clearly 
indicated as about 330 hours, followed by the rapid 
oxidation of the base oil, which it will be noted, is 
a typical effect of these highly catalyzed test condi- 
tions. Oil D is indicated as having an inhibitor that 
imparts high resistance to oxidation under severe 
catalyzing influences. 

As an indication of the fallacy of depending on 
conventional laboratory tests for determining pro- 
bable oil performance under service conditions, re- 
sults of a test run under exceedingly severe simu- 
lated service conditions may be considered, Fig. 6. 
The standard conditions of this test call for contin- 
uously operating a single-stage vane-type pump with 
constant-volume discharge for 1,000 hours. The sys- 
tem includes a relief valve and contains only 3 gal- 
lons of oil; pressure is held at 1,000 psi and temper- 
ature is kept constant at 175 F. 


Simulated Testing Requires 2500 Hours 


The oils are the same as in the ASTM Oxidation 
Test shown in Fig. 5. The much milder oxidizing in- 
fluence of the simulated service test are indicated 
by the fact that 1,000 hours was required to develop 
a neutralization number of 0.5 with Oil A, and 
that all three inhibited oils withstood this test at 
least 1,000 hours without apparent increase in 
neutralization number. Obviously, unless extended 
well beyond that duration, this test serves only to 
indicate that any oxidation-inhibited oil is superior 
to a high-quality straight-mineral oil in resisting 
oxidation under a_ certain set of predetermined, 
closely controlled, severe simulated service factors. 
Recent tests indicate that continued service under 
the stated test conditions must be continued beyond 
2500 hours before the actual superiority of one in- 
hibited oil over another becomes apparent. 


Rust INHIBITORS: Prior to the general trend toward 
oxidation-inhibited oils to meet the severe operating 
conditions of the war years, properly refined straight- 
mineral oils gave adequate protection against rust 
formation in most hydraulic systems. This was due 
to the formation of certain oxidation products that 
coated the metal surfaces and prevented contact with 
water. The use of oxidation inhibitors prevented the 
formation of these natural rust-inhibitors, therefore, 
it was necessary to add materials with rust-inhibiting 
properties, resulting in so-called double-inhibited oils. 
Rust-inhibiting additives used in hydraulic oils are 
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highly polar-type materials. Because of their sur- 
face activity, they form adsorbed films on metal parts 
that effectively prevent moisture from contacting 
the metal surfaces. 


HIGH FILM STRENGTH ADDITIVE: Increased film 
strength may be secured by special high film strength 
additives or by some types of oxidation and rust in- 
hibitors. The effectiveness of such additives is in- 
dicated by laboratory wear tests that indicate loss 
of weight of pump parts when operated under wear- 
promoting conditions over a given period. One such 
test showed the following comparative loss in weight 
for two oils of the same viscosity: 

Additive Oil 

Straight Mineral Oil ... 
This is borne out by Figs. 2, 3, and 4, which clearly 
show the condition of parts after runs on each type 
of oil. 


Careful Design Extends Oil Life 


To this point, the discussion has been confined to 
hydraulic oils, their requirements, characieristics, and 
differences as to quality. However, since the best 
hydraulic oil obtainable cannot overcome unfavor- 
able operating conditions, observations as to de- 
sign weaknesses of hydraulic systems from the view- 
point of lubrication engineers should be discussed 
in order to promote most effective hydraulic system 
design. 


Om CAPACITY: One common fault is small capacity 
of oil reservoirs. Ample oil volume is required to 
allow sufficient “rest periods” in the reservoir to 
insure effective heat dissipation and settling out of 
impurities. When constant-volume pumps are used, 
a reservoir capacity of at least twice the pump ca- 
pacity in gallons per minute is desirable. 


SEPARATION OF IMPURITIES: Hydraulic reservoirs 
usually have flat bottoms. Even a slight slope in 
a tank bottom helps separation by concentrating 
impurities, and makes draining and flushing easier. 
On large systems where heavy water contamination 
is a problem, a water leg will be helpful. 


BAFFLES: Another common fault of tank design 
is the omission of baffles, which are required to 
minimize turbulence. Sometimes the oil return is so 
close to the pump suction that the oil is in con- 
tinual turbulence and has no opportunity to drop 
out impurities. 

Om FILTERS: A continuous full-flow filter capable 
of removing microscopic particles is desirable to insure 
protection of rubbing surfaces against abrasion or 
scoring. By-pass filters are available for installa- 
tion at suitable points in the system to give addi- 
tional protection against entry of solids into valves, 
cylinders, or fluid motors. These, of course, do not 
prevent accumulation of impurities in the system res- 
ervoir. 

An important precaution pertaining to filtration 
is that only cellulose packs, waste-packed or edge- 
type filters should be used with inhibited oils. Activ- 

(Continued on Page 154) 
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By Alvin 8: Kaufman 
Douglas Aircraft Co. 


Electrical Engineering Department 
Santa Monica, Calif. 


SE of capacitance type vibration pickups and 
revolution counters has been considerably de- 
layed due to the lack of a simple and efficient 

“capacity transducer.” Such an instrument is re- 
quired to measure and change small variations of ca- 
pacity into relatively large variations of voltage or 
current for indicating rotational speeds or vibrations 
directly on a meter. Use of a capacitance type rpm 
pickup permits the measurement of shaft speeds with- 
out attaching anything to the shaft or in any way 
placing a load upon it. This method of determining 
shaft speed was used by the author to measure air- 
craft cabin supercharger impeller speeds in excess 
of 30,000 rpm. Photoelectric and stroboscopic meth- 
ods tried previously were unsatisfactory for produc- 
tion and test use because of interference by fluores- 
cent lights and mechanical installation problems. Me- 
chanical problems also made the use of magnetic 
pickups unsuitable. Vibration pickups of the capaci- 
tance type allow vibration measurements to less than 
4% cps and to any amplitude and acceleration re- 
quired. 

Three units are required to indicate vibration or 
rpm; the pickup, a capacity transducer and an elec- 
tronic frequency meter. The pickup for rpm indica- 
tion consists of one or more insulated vanes, located 
adjacent to the rotating shaft or blades so as to vary 
the capacity to ground of the pickup vanes when the 
shaft is rotated. 

Vibration capacitance pickups are not new. They 
employ, in general, two elements the capacity of 
which varies with the rate of vibration frequency and 
the capacity change of which may or may not be rela- 
tive to the vibration amplitude. Static and dynamic 
tapacity of such a pickup is supplied to the capacity 
transducer herein discussed, which in turn supplies 
an alternating voltage, the frequency of which is pro- 
portional to shaft rpm or vibration, depending upon 
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the application. This alternating voltage may be sup- 
plied to an electronic frequency meter whose scale 
may be read directly in vibration service, or trans- 
lated into terms of rpm for tachometer use. 

A capacity transducer must be simple, relatively 
free from drift, and of reasonable accuracy for the 
application. The unit described here, shown in Fig. 1 
with the author, has these features and eliminates 
some of the disadvantages possessed by the standard 
bridge or FM discriminator circuits now in use. The 
sensitivity of the transducer unit is such that with a 
single amplifier tube, outputs of three rms volts are 


Fig. 1—The author adjusts a capacity transducer equipped 
with a single-vane impeller pickup. The electronic fre- 


quency meter used to read rpm or vibration frequency is 
not shown in the photograph 
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available for a one or two micro-microfarad capacity 
change. 

The capacity transducer unit changes the variations 
in pickup capacity into a useful audio frequency volt- 
age suitable for application to an electronic frequency 
meter, tachometer, or other indicating or listening 
device. This unit consists of the familar “capacity 
relay” or radio frequency oscillator, a detector, and 
proper amplification. The unit shown in Fig. 1 was 
used for measuring the rpm of the DC-6 supercharger 
impeller seen in Fig. 2. 


Cable Selection Important 


Where this unit is used for high rpm measurements 
or vibration frequencies in excess of several thousand 
cycles it is necessary to use RG 7/U cable, or any 
other low-capacity cable, to connect the transducer 
to the electronic frequency meter. Inasmuch as the 
pickup unit works on a capacity change it is neces- 
sary that its connecting cable be low in capacity and 
that it have little capacity change when moved or 
vibrated. If the total capacity of the connecting 
cable were excessively high, variation in pickup ca- 
pacity might fall to such a low percentage of the 
total input capacity as to seriously affect the signal- 
to-noise ratio. A suitable cable is RG 8/U or 7/U 
with appropriate coaxial plugs and receptacles. The 
pickup must fasten securely to the unit under test 
to minimize capacity variation with vibration. Varia- 
tion of pickup capacity should be at least five to ten 
per cent of the total input capacity. 

When measuring rpm it is desirable to know ike 
expected output frequency, from which the shaft rpm 
can readily be calculated as follows: Output fre- 
quency = number of blades or projections on the 
shaft times the rpm divided by 60. As an exampie, 
consider a four-bladed fan which rotates at 1800 rpm; 
4 x 1800 = 7200; 7200/60 = 120 cycles per second. 
The rpm may be read directly on an electronic 
tachometer where one cycle is produced per revolu- 
tion at the pickup. Where many-bladed devices are 
used, Fig. 2, it is preferable to use an electronic fre- 
quency meter. In this case, rpm may be read by 
using the calculation: Rpm = (frequency meter 
reading x 60)/(number of blades). This calcula- 
ticn may be reduced to chart form for any particular 
installation. 


Vane-to-Blade Clearance Not Critical 


A one-vane pickup, Fig. 1, may be used for most 
rpm measurements. The size and shape of the vane 
are not critical, but are chosen so that the projec- 
tion or blade on the shaft is under the pickup plate 
or vane for less than one-half the width of the pick- 
up vane before the next blade passes under the vane. 
This gives roughly a 1 to 1 high-to-low capacity 
cycle. The transducer converts this into an alternat- 
ing output wave. Standard electronic tachometers 
used with the transducer require an “on to off” time 
or alternation of input voltage of preferably 1 to 1 
but.not to exceed 4 to 1 for highly accurate indica- 
tions. The space between pickup vane and rotating 
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elements depends upon transducer gain and available 
variation of pickup capacity, but is not critical. Spac- 
ings up to several inches are possible. Restrictions 
of air flow, as in fan or turbine measurements, may 
bé limited to a low value by proper design of the 
pickup. 

It should be noted that the number of pickup vanes 


Fig. 2—Right—Supercharger impel- 
ler from DC-6 cabin pressurizing 
system. Four-vane pickup was used 
to measure impeller speeds of 


as high as 30,000 rpm 


Fig. 3—Below — Four-vane pickup. 
Vanes are machined from one piece 
of dural and insulated from frame 


Fig. 4—Below, right—Impeller test 

setup showing transducer pickup 

mounted between air intake and 
supercharger scroll 
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dows not change the output frequency; rather, the 
number of projections or blades on the rotating shaft 
varies the frequency. This is because all of these 
pickup vanes are electrically connected together and 
are spaced so as to approach and pass the shaft 
blades synchronously. Thus, all the pickups together 
produce no more capacity pulses than one vane; just 
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a change in amplitude. 

A four-vane pickup, Fig. 3, was used to measure the 
airplane supercharger impeller rpm in the test setup 
shown in Fig. 4. The reason for this was not the 
increase of capacity change and resulting greater 
transducer output. Rather, under extremes of high 
vibration or weaving of the rotating blades at very - 
high speeds, a high degree of “hash” may be pro- 
duced which will prevent operation of the system. 
These stray variations may be corrected with the use 
of a three or four-element pickup which will balance 
out the weaving capacity changes. As one blade 
moves closer to a vane, its increase in capacity is 
balanced by the other blade (180 degrees away) mov- 
ing away from a vane. With the four-vane pickup 
the 16-bladed impeller on the Douglas DC-6 super- 
charger, operating at 30,000 rpm, caused an output 
frequency of 8000 cycles to be delivered from the 
transducer to the frequency meter. 


Testing Aircraft Wing Characteristics 


Conventional capacity vibration and acceleration 
pickups will not operate at the low frequencies with- 
in which the transducer is capable of functioning. For 
these measurements, the transducer amplifier is direct 
coupled and the pickup is fabricated of two parts. As 
an example, it is desired to test the deflection and 
vibration characteristics of an aircraft wing before 
flight. The wing is mechanically shaken, with any 
of the available commercial vibrators, throughout the 
expected range of aircraft vibration frequencies. In 
this case the metal wing is connected to the trans- 
ducer and serves as the “cold” or ground plate of the: 
pickup capacity. The “hot” plate of the capacity pick- 
up is insulated and supported from the ground next 
to the wing at an appropriate distance. Here the 
wing may move at any rate and its capacity changes 
to the insulated plate may be recorded in terms of 
vibration frequency, amplitude or acceleration. 

The simplicity and high gain inherent in this type 
of transducer make it applicable to any problem where 
it is desirable to change a capacity: variation into a 
useful control or measuring voltage. - 





Oscilloscope Records Four Channels 


CATHODE-RAY oscilloscope for research work 

that can indicate as many as four variables on a 
single 5-inch, flat-face tube has been developed by 
Electronic Tube Corp. The four-channel oscilloscope 
was designed primarily for use with a continuous film 
type of recording camera. Separate focus, intensity 
and positioning controls are provided in each of the 
channels, and positioning in both horizontal and ver- 
tical directions is possible. Because the common 
linear sweep as provided by the film drive is in the 
vertical or Y direction, the four independent signals 
are applied to deflect alorg the X axis. Horizontal 
deflection can be measured in terms of volts by a di- 
rect-reading calibrator which supplies a square wave 
of known adjustable amplitude to the signal amplifier. 











Straight-Linig 


By H. G. Conway 


EW mechanisms are more intriguing to 
study and develop than complex link- 
ages designed to produce specific types of 
motion. The linkages presented in this picto- 
rial, all yielding straight-line motion, are clas- 
sics in their fieid. Close study of them will 
bring to light basic principles which might 
well be applied to the solution of a variety 
of problems in machine design. 
Sometimes referred to as parallel-motion 
linkages, straight-line linkages are of two 
types: approximate and exact. The first give 
a motion which is are or S-shaped in fact, 
but deviates from a true straight line over a 
limited range of motions by so little as to be, 
for many practical purposes, equivalent to 
true straight-line motion. Nearly all of the 
second type are based on the geometrical fact 
that a circle’s inversion is a straight line. 


Fig. I—WATT, 1784, (approximate): Two 
swinging links, A and B, are connected by a 
link, C, the mid-point, P, tracing an S-curve, 
the central part of which closely approximates 
a straight line. Deviation at D and £ is appre- 
ciable and thereafter is considerable. 


Fig. 2—ROBERTS, (approximate): Two equal 
links, A and B, are hinged at a distance apart 


of twice the base of the isosceles triangle cen- 
tral member C. Point P traces a curve which 
passes through the pivots and the mid-point, 
deviating from a straight line by a very small 
amount between the pivots, but appreciably out- 
side them. 


Fig. 3—TCHEBICHEFF, 1873, (approximate): 
L must be four-fifths of A or B, C must be 


one-half of L. The mid-point, P, of C, traces & 
curve very nearly a straight line over a distance 
approximately equal to L, deviating thereafter. 
The line passes through the points vertically 
above the pivots and at the same height as the 
central position of P. Other close ratios of link 
lengths give similar results. 
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dinkages 


Fig. 4—PEAUCELLIER’S CELL, 1864, (exact): 
Two links, A and B, are hinged together at the 
pivot, Q, and at their other ends to the diamond 
linkage CDEF. The apex between C and D is 
hinged to a radius member, RF, describing a cir- 
cle passing through Q. The motion of P is ex- 
actly a straight line between the limits of A 
being in line with C and F. If the pivot, Q, is 
moved to the left, P describes a circle of large 
radius, concave towards Q. If Q is moved to the 
right, P describes a circle of large radius, con- 
vex towards Q. 


Fig. 5—INVERTED PEAUCELLIER, (exact): <A 
variation of the original linkage where the mem- 
bers C, D, EH, and F, are longer than A and B. 
The motion again is exact straight line between 
the limits of the links A, C and F being in line. 


Fig. 6—EXTENDED PEAUCELLIER, (exact): <A 
variation of the original linkage where the 


members C, D, EH, and F are connected by ex- 
tended links A1, A? and B!, B2. The motion is 
exact over the comparatively long distance lim- 
ited by the links A! and C being overfolded and 
A? and E being extended and in line. 


Fig. 7—-HART’S, 1874, (exact): In this, a con- 
tra-parallelogram, ABCD, is pivoted at the mid- 
point of A, the midpoint of D being hinged to 
a radius member R, describing a circle passing 
through the pivot of A. P, the mid-point of B, 
describes an exact straight line up to the points 
where members A, B, C and D are in line. 


Fig. 8—SYLVESTER-KEMPE, 1875, (exact): On 
this, three bell-crank members and one straight 
link are hinged together at their ends. Motion 
of P is truly straight within the limits shown in 
the two positions (a) and (b). The motion is 
Most unusual and is best understood from a 
model. 
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Fig. 9—KEMPE, 1875, (exact): 
This has two similar quadrilater- 
als or diamonds A, B, C, D, and 
C, E, R, and part of B. (A:D = 
E:R) R is pivoted at N and a 
second radius member, FR’, at M, 
so that the motion of B is always 
parallel to MN. P describes a true 
straight line through N of an am- 
plitude 2(H + D) = 4D. 


Fig. 1O—KEMPE, (exact): If two 
links, A and B, can be arranged 
to hinge equally but in opposite 
directions, the two connecting 
links, C and D, move the point P 
in a straight line through the 
hinge point of A and B. The three 
auxiliary links, HZ, F and G, give 
the appropriate reversing motion 
to A and B. These links form two 
contra-parallelograms, (1, 2, 3, 4) 
and 4, 5, 6, 3), with one common 
side (3,4) and similarity, i.e., (1, 
2): (1, 4) = (4, 5) : (5, 6). 


Fig. 11—KEMPE, (exact): This is 
similar to that of Fig. 10 with the 
links and the two interconnected 
contra-parallelograms, (1, 2, 3, 4) 
and (1, 3, 5, 6), arranged differ- 
ently. The condition of similarity 
of the two contra-parallelograms 
applies. 


Fig. 12—SYLVESTER, (exact): 
This is also similar to that of Fig. 
10 but uses a simple reversing 
linkage to give the contrary mo- 
tion of the two main links. The 
same object can be achieved by 
gearing the two levers together 
(Cartwright’s linkage). 


Fig. 13—KEMPE, (exact): The 
two interconnected pairs of simi- 
lar quadrilaterals guide the whole 
link, A, along a straight line pass- 
ing through the linkage pivots. 


Fig. 14—KEMPE, (exact): AS 2 
Fig. 13, two interconnected pairs 


of similar quadrilaterals guide the 
motion of link A at right angles 
to a line passing through the piv- 
ots of the linkage, the motion hav- 
ing only this direction. 


Fig. 15—KEMPE, (exact): This is 
a variation of the linkage of Fig- 


14, imparting precisely the same 
motion to link A. 
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PRODUCTION PROCESSES 


THEIR INFLUENCE ON 


By Roger W. Bolz, 
Associate Editor, Machine Design 







PART 50 








AST but not least in the group of major 
casting methods is that best termed as 
investment casting. An ancient process, 

it was known and used by the Chinese prior to 
the year 50 B.C. Benvenuto Cellini used the 
process to create his celebrated “Perseus with 
the Mead of Medusa”. Modern history of in- 
vestment casting, however, dates from shortly 
after the turn of the century when Dr. W. H. 
Taggart interested the dental profession in the 
advantages of the process in producing metal 
dentures. 
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Developments and improvements in te 
which followed led to widespread usage 








parts first gained recognition during 
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Fig. 1, the investment casting process has be- 
come one of the present basic — 
methods. 

Contrary to popular opinion, the major factor 
which influenced application of the process from 
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Fig. 1—Above—A “tree” of investment-cast rings and a 
variety of machine parts produced by the same means 
using centrifugal feeding of the metal 


Fig. 2—Below—Group of investment castings with intricate 
shapes typical of those ideally suited to this method 
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Fig. 3—Master pattern is embedded in plaster of paris 
in one-half of the master-mold flask to pour the soft-metal 
mold for the opposite half 





the start was its outstanding fidelity of reproduction 


rather than any actual dimensional accuracy or re- 
petitive accuracy. Accuracy of the process regard- 
ing relatively small parts is high but high primarily 
in comparison to other methods of casting and not 
to precision machining. Main advantages of the 
process, therefore, lie: (1) In the ability to produce 
extremely intricate or compound shapes which are 
impossible, unreasonable or more costly by other 
means; (2) in casting to size, with a minimum of 
finishing required, parts from alloys not readily ma- 
chinable in production; and (3) in producing small 
parts from metals with melting points beyond the 
limitations of die casting. A group of typical ma- 
chine parts which exemplify some of these factors is 
shown in Fig. 2. 


Process Differs from Others 


The process of investment casting does not re- 
semble closely any of the other casting methods. The 
only resemblance is to permanent-mold casting in 
that the longest dimension of a cast part is normally 
placed in a vertical position and mold venting is gen- 
erally a problem. The major difference is that the 
molds are one-piece and cannot be examined before 
pouring. 


CASTING PROCESS: In general the process of in- 
vestment casting consists of the following basic steps: 
(1) Forming the expendable pattern, (2) gating and 
assembling patterns, (3) investing the patterns, (4) 
melting out of patterns and drying the investment 
mold, (5) pouring the castings, and (6) removing and 
cleaning up the castings. Production of accurate ex- 
pendable patterns is all-important in order to obtain 
the necessary results. Master molds for production of 


patterns in quantity are made of rubber, low melting | 


point metals or steel. Rubber and soft-metal master 
molds are made by vulcanizing or casting against a 
master pattern of the part desired, which is gen- 
erally made with an allowance for shrinkages which 
occur and held to tolerances one-third those desired 
in the final casting, Fig. 3. Steel master molds are 
generally sunk directly from the drawing specifica- 
tions. 

Use of rubber molds is more or less confined to the 
casting of jewelry. Soft-metal molds are generally 
found satisfactory for parts without too many com- 
plications or close tolerances. They are generally 
preferred, however, for parts having contours or 
shapes which are difficult to generate or reproduce, 
as with turbine blades, etc. Steel molds are most 
satisfactory for long runs and for parts requiring 
the maximum in dimensional accuracy or having 
small cores, thin slots and intricate, involved shapes. 

Expendable Patterns: Although the process is 
sometimes termed the “lost-wax” method, this is 4 
misnomer inasmuch as wax is not the only pattern 
material utilized. Numerous materials have been 
employed for patterns but today the materials im 
common use are waxes, plastic and frozen mercury- 
Properties of each are different, require different 
handling and are suited for different applications. 
Waxes are probably most commonly employed in 
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production, being simplest to handle, Fig. 4. Poly- 
styrene plastic patterns, produced by regular injec- 
tion molding, are harder than wax patterns, with- 
stand more abuse and can be held to very close tol- 
erances. The plastic cost is about one-third that of 
waxes. Plastic patterns are generally best suited for 
long runs owing to greater expense in steel master 
molds and injection equipment. 

Most recent pattern material is mercury which is 
poured into dies and frozen at below minus 40 F. 
Advantages are claimed in improved accuracy and 
greater size of part possible. More intricate parts 
may be cast by assembling a number of frozen mer- 
cury pattern pieces. 

Frozen mercury patterns, like those in waxes, are 
readily bonded to each other to produce complex as- 
semblies or to sprues for casting. The maximum 
number of patterns practicable are mounted on a 
single sprue for casting simultaneously, Fig. 5, and 
minimum size thus permits obvious savings. 

Investments: Type of investment utilized in mak- 
ing the final mold for casting depends upon the metal 
to be cast. That used for nonferrous alloys generally 
consists of silica with plaster of paris as a binder. 
Ferrous alloys which react with plaster generally 
require other investment materials such as a refrac- 
tory and a suitable binder which also will resist the 
higher temperatures involved. 

In preparing high-temperature investments a pri- 
mary investing dip coating is given the patterns, 
| Fig. 6. Typical is one of sodium silicate, a wetting 
agent and silica which is dusted over with a some- 
what coarser grade of silica. After attaching the 


Fig. 4—Right Above—Master soft-metal mold with corepiece 
and wax patterns being produced on typical injection press 


Fig. 5—Right—Sprue and wax paiterns and finished group 
mounted ready for investment 


Fig. 6—Below—Dipped and dusted patterns are dehumid- 
ified thoroughly before pouring the secondary investment 


Fig. 7—Below Right—Pouring a group of investment cast- 
ings by common static method 


flask to the bottom plate on which the patterns are 
mounted, the secondary investment (typical is one 
of silica, grog of ground up fire brick, and a mix of 
alcohol and tetraethylsilicate plus one-half old in- 
vestment) is poured around the patterns. This is 
jolted during the short setting period and after hard- 
ening the patterns are melted out. Following a final 
thorough preheat the metal is poured, Fig. 7. 

With mercury patterns a clay such as kaolin is 
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often used. This is deposited in layers normally to 
14-inch in thickness, by dipping, although up to %- 
inch has been used. After setting at low temperature 
the mercury pattern is allowed to melt out or is 
flushed out with warm mercury. The shell is then 
fired to produce a hard, permeable ceramic mold 
which is surrounded with dry sand, preheated and 
the casting poured. 

Casting: Investment castings are poured by static, 
centrifugal, air pressure, or vacuum methods. High- 
temperature alloys and small charges (up to about 
15 pounds) are processed in electric-arc furnaces, 
especially where air pressure is used. Larger charges, 
static pouring, vacuum casting and centrifugal cast- 
ing are done largely in induction furnaces or gas- 
fired crucibles. Advantages of centrifugal pouring, 
as originally practiced in dental work, is gaining 
favor owing to improved metallurgical character of 
the cast metal. 

S1zE oF CASTINGS: Generally speaking, investruent 
casting is best suited for the production of reason- 
ably small parts. Maximum dimensions and weight 
of parts are limited in production by the flasks avail- 
able and furnace capacities. The largest cylindrical 
mold generally used is 10 inches in diameter by 20 
inches long and the largest box flask is 9 by 12 by 15 
inches. 

Maximum capacity of pressure pouring furnaces 
available is about 15 pounds. Induction furnaces up 


to 150 pounds capacity are used for static pouring. 
Maximum weight of a part or parts poured generally 
does not exceed 50 to 70 per cent of the furnace 
charge owing to the size of the sprue necessary, Fig. 
8. About the largest pressure castings ordinarily 
produced in quantity range around 34% pounds and 
for static pouring about 15 pounds with a maximum 











dimension of approximately 6 to 8 inches. Parts up 
to 18 inches long and weighing almost 100 pounds 
have been poured statically. Smallness of size is 
practically unlimited—one of the smallest parts pro- 
duced to date weighs less than 0.002-pound. 

Production: Investment casting offers no competi- 
tive advantage for large quantities of parts which 
can be produced in several setups on automatic ma- 
chinery. Where the quantity is small, however, the 
lower cost of tooling can often make the casting 
more economical. One specific example of this nature 
indicated that the point of equal cost per piece wag 
reached at 5000 pieces. The limit, of course, varieg 
with the particular part design. Production runs 
may thus range from as few as six pieces to as many 
as 100,000 pieces. Economical production runs for 
average machine parts generally range from 500 te 
5000 pieces. 








Considerations in Design 


DESIGN: In general, any relatively small part 
which would require a fair amount of machining to 
produce is a possible candidate for investment cast- 
ing. Where overall cost of parts, machining, fas- 
teners, and assembly can be eliminated by one in-] 4 
vestment casting requiring but a small amount of ( 
finishing, highly economical results can be obtained, \ 
Fig. 9. Cost savings per piece as high as 95 per cent 
have been recorded in numerous cases. Many other- 
wise expensive operations can often be eliminated, 
Typical of these are precision operations such as} 4 
drilling, threading, tapping, tapering, grinding, etc., f 
usually necessary for assembly purposes. The cast- 
ing in Fig. 10 eliminated a shrink fit. 

The ideal part for this method of production weighs 





Fig. 8—Left—Gated pattern for a rotor disk show- 
ing size of sprues used. Other patterns include 


a conveyor crank and turbine blades in t 

pour 

: . . | 0.03! 
Fig. 9—Below—Beryllium-copper calculator vari- desi 
able cam with a maximum dimension of about pom 


2 inches as investment cast. Original cam cost 
$30.00 to assemble from stampings by brazing here 
while casting cost approximately $2.00 Se 
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widely 


in the range from approximately one ounce to one 
pound and has uniform sections within the range of 
0.035-inch minimum, to 14-inch, maximum. Good 
design for casting in general applies in the case of 
detail design for investment casting and must be ad- 
hered to for good results. 

Sections and Thickness: Though the preceding 
specifications indicate that uniform sections from 
0.035 to 14-inch are ideal, castings with sections from 
0.020 to 3-inch and occasionally 14-inch are actually 
produced. Sections as light as 0.015-inch are possible 
where they are continuations of tapered sections and 
do not exceed 14-inch in length. It is unwise to de- 
mand, unless absolutely necessary, any section con- 
tinuously less than 0.025-inch. For large areas, wall 
thickness should never be less than 0.050-inch. Areas 
up to approximately 12 square inches may be cast in 


‘| *ctions as thin as 0.040-inch, minimum, with reason- 


ably accurate flatness where adequately supported or 
tibbed. Also, heavy sections should be avoided and 
tbbing substituted to obtain the desired stiffness. 
Wniformity is ideal but, of course, varying sections 


4 ch as in turbine blading are feasible where de- 


tired, Fig. 11. Wherever sections vary, however, the 
tansition should be gradual and the effects of un- 
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Fig. 10—Left—This binocu- 
lar housing, cas: in mag- 
nesium, formerly required 
a shrink fit assembly of 
two parts 


Fig. 11—Above—Group of 
typical castings showing 
varying 
and range in size and com- 
plexity . of .design 


Fig. 12 — Right — Cast ma- 

chine side frame showing 

numerous cast studs and 
shaped bosses 





sections 





even cooling between sections of varying thickness 
should be carefully considered. 

Edges: Thin edges are difficult to produce in wax 
without distortion or handling difficulties. The mini- 
mum practical edge thickness is generally considered 
to be 0.012 to 0.015-inch provided there is no abrupt 
section change and a gradual taper is used. Thinner 
edges have been cast, i.e., a trailing edge of 0.005- 
inch on a blade section of 0.015-inch, but are not 
practical as a rule, especially in the hard alloys. 

Edge radii of 0.005-inch can be held at the crests 
of serrations having a fine pitch and wide angles. In 
casting serrations some difficulty is encountered with 
small globules of metal which often form at the roots 
of sharp or small included angles. 

Draft: Investment castings do not require draft 
on outer walls or cores regardless of the fact that 
the expendable patterns are formed in permanent 
type dies. Occasionally, however, it is found advan- 
tageous to use a draft of about 14-degree to permit 
proper removal of the patterns. Those surfaces which 
should have no draft should be indicated to permit use 
of draft elsewhere when necessary for production. 

Fillets: Genrerous fillets are advantageous both 
functionally and in producing a stronger pattern. 
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Minimum fillet radii should be 0.015-inch and wher- 
ever possible at least 1/16 to 44-inch is preferable. 

Bosses and Studs: Bosses used for fastening are 
generally preferred to studs but integrally cast studs 
can be used if desired, Fig. 12. Integral studs are 
more economical than inserted types. 

Holes: Coring can be used to advantage in many 
cases and can be of any size or shape if sufficiently 
large, Fig. 13. General limitation on cored holes is 
that the diameter be not less than one-half the sec- 
tion thickness. For instance, in high-temperature 
metals the smallest diameter hole generally consid- 
ered feasible is 0.050-inch and in the soft nonferrous 
alloys, about 0.020-inch. Where circumstances so 
permit, however, smaller holes and holes with 1/d 
ratios over 10 can be produced by means of special 
ceramic cores. For example, a hole 1/64-inch in 
diameter with a depth of 34-inch has been success- 
fully produced. 


Holes to be cored should, if at all possible, be - 


through holes to permit adequate core support. Blind 
holes should be avoided. It is difficult to cast blind 
holes to depths greater than twice the hole diameter, 
especially in high-temperature alloys. A good rule 
is to restrict blind holes to a maximum depth of 144 
times the diameter. Undercuts, again, are possible 
but are best avoided for economy. 

Machining Allowances: Those surfaces which re- 
quire closer tolerances than this method provides must 
be machined and an allowance for this must be made. 








‘to cut or grind threads. Either external or internal 








Finish stock generally allowed ranges from 0.010-inch 
on small parts to a maximum of 0.040-inch on large 
ones. Holes to be tapped should always have a pre- 
liminary reaming or boring operation to assure best 
possible threads. 

Threads: Barring special unmachinable alloys, size 
or form of thread, it is generally more economical 









threads can be produced but the resulting accuracy 
seldom exceeds that of Class 1, Fig. 14. Class 2 
threads have been produced with plastic patterns, 
Owing to the tendency for small globules of metal 
to adhere to the roots of threads it is generally nec- 
essary to clean them up by machining. External 
threads smaller than 14-inch and pitches finer than 
20 in nonferrous alloys or 14 to 16 in ferrous alloys 
are seldom feasible. Threads longer than 11-inch 
must have the pattern pitch compensated for shrink- 
age. Where close “machining type” tolerances are de- 
sired it is not recommended that threads or gears 
be cast, unless circumstances permit casting toler- 
ances, Fig. 15. 

Parting Lines and Gating: A visible parting line 
is generally found on investment castings and in de- 
sign this fact should be kept in mind. Areas that 
must be kept free of parting lines should be indicated 
with the thought in mind that restrictions should 
permit use of the simplest possible two-piece pattern on 
















die. 

Gates, of course, must be used to feed the casting 3 
the 
abl 

Fig. 13—Aircraft clamp piece used for } 
quick disconnect on engine, cast in 410 
stainless steel, showing a variety of holes = 


and complex shapes 
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and also must be removed. Gating areas necessary 
for a particular casting cannot always be predicted 
and, hence, the best practice in design is to indicate 
those surface areas where gates would be undesir- 
able. 


MATERIALS: Practically all metals which can be 
melted are being cast by the investment process. It 
not only provides economy for unusual designs in the 
more common metals but makes possible many other- 
wise impossible machine parts in metals not machin- 
able to any great degree. All standard cast mate- 
rials are readily available as are many special alloys 
such as those of cobalt, nickel and chromium, and 
vacuum refined copper or pure iron. 


Excellent Physical Properties 


Physical properties of investment-cast metals are 
generally equal to the mean between the transverse 
and longitudinal values for rolled bars of the same 
metal or alloy. On an average they are about 10 per 
cent greater than the properties of sand-cast metal. 
Heat treatable metals respond well without warpage. 
Any of the tool steels may be used and are often 
found advantageous in cases where hardened parts 
must be used. Nitriding steels have been cast but 
their as-cast hardness is about 400 Brinell and little 
machining can be done without annealing. 

Heat treated aluminum-bronze provides an ap- 
proximate tensile strength of 85,000 psi with a 
Rockwell hardness of B-90. Monel “S” or “H” pro- 
Vides a tensile of 120,000 psi and a hardness of 
Rockwell C-32. Heat treated stainless Type 420 of- 
fers the same tensile strength with slightly different 
Properties. Beryllium-copper on the other hand of- 
fers tensile strengths up to 170,000 psi in heat treated 
form. In the steels, heat treated AISI 3140 gives 
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Fig. 14—Left — Cast fitting 
with Acme threaded end 
connections used as cast 


Fig. 15—Top Right—Invsi- 

ment-cast Hastelloy alloy 

C gears for a steel mill 
pickling tank drive 


Fig. 16—Right—Aerial cam- 
era crank investment-cast 
in Type 410 stainless steel 




























a tensile strength up to 220,500 psi. 

Owing to the close control of melt possible, some 
special castings of controlled composition have been 
produced by this method. Alloy gray iron pistons, 
cylinder sleeves, compressor valve sleeves, and other 
parts have been produced. 


TOLERANCES: The investment casting process has 
often been termed “precision casting’, a name which 
has been misleading at times. Actually, considering 
large dimensions of more than 5 inches in length, the 
as-cast tolerances are not substantially better than 
those found in careful permanent-mold casting or even 
sand casting. Actual dimensional tolerances on the av- 
erage are specified as plus or minus 0.005-inch per 
inch for dimensions over 1 inch and plus or minus 
0.003-inch on those under 1 inch. The effect of size 
on tolerances is easily seen. 

Some degree of difference is present in casting 
ferrous and nonferrous alloys when considering tol- 
erances. Minimum general tolerances are usually 
set at plus or minus 0.002-inch per inch for nonfer- 
rous alloys and plus or minus 0.004-inch per inch for 
ferrous. Occasionally small dimensions of 14-inch 
or less can be held to plus or minus 0.0005-inch and 
many parts have been produced with cores, thin slots 
and shapes held to tolerances of plus or minus 0.001- 
inch. The problem is not holding the desired ac- 
curacy on necessary portions of a part but in many 
cases is that of holding too high an accuracy on un- 
necessary portions. Where a gate is removed by 
grinding, the tolerance ordinarily can be no closer 
than plus or minus 0.010-inch over the gate area. 
For a critical dimension across the parting line, it is 
usually desirable to allow 0.001-inch total in addition 
to the nominal tolerance per inch allowed. 

Some allowance must be made for possible warpage 

(Concluded on Page 150) 





Overcenter Toggle Improves Design 


HREE outstanding improvements in a mechan- 

ism for circuit breakers have resulted from the 

application of the overcenter principle in its de- 
sign: The physical size is small with respect to cur- 
rent rating, contact pressure actually increases as the 
contacts wear and the speed of opening is increased, 
resulting in a higher interrupting rating of the break- 
er on short circuit. 

The small physical size of the breaker, Fig. 1, is 
effected in two ways. The overcenter action pro- 
duces an additional parting of contacts when the 
breaker is tripped, a separation that could be ob- 
tained otherwise only by increasing the length of the 
contact arm at least one inch, Fig. 2. The construc- 
tion also allows the contact arm to operate edgewise, 
decreasing the overall width of the mechanism and 
hence of the breaker itself. 

As the contacts wear, increased contact pressure 
results from the fact that the toggle mechanism goes 
farther overcenter. This means that there is no 
overheating of contacts due to decreased pressure, 
resulting in a longer life for the unit. 

Because of the whip-lash action of the toggle in 
going overcenter and the shorter contact arm, the 
speed of contact parting is increased. This rapid 
action increases the interrupting ability of the breaker 
on short circuit and the additional separation pro- 
duced is an important factor in establishing the in- 
terrupting rating. 
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Fig. 1—Cutaway view of breaker 
showing compactly designed toggle 
mechanism in open position 


By H. D. Dorfman 


Manager, Thermal Breaker Section 
Westinghouse Electric Corp. 
Beaver, Pa. 





Fig, 2—Overcenter toggle mechanism for a three-pole 
breaker. Assembly in the foreground is in the tripped 
position. Current carrying contact arm (a) is pivoted to 
a metal support (b) which in turn is carried on an insula 















ex? 





yoke. The contact arm pivots on a knife edge on the 
spring guide (c) which in turn pivots on an L-support (d) 
and works against a compression spring 
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Sealing a 


39-Ton Door 


... against 1000 psi presented 
extraordinary design problems 


Fig. 1—Left—Front view of 1000- 
psi testing vessel, showing gasket 
grooves in shell ring, vertical 
door guides and control board 


Fig. 2—Below—Installation of the 
huge pressure vessel necessitated 
construction of specially de- 
signed concrete foundation at 
site. Here the 39-ton door is 
shown in place, while vessel is 
readied for hoisting into position 


By George Mackas 


Technical Evaluation Dept. 
Naval Ordnance Laboratory 
White Oak, Silver Spring, Md. 


solved during recent development of the Naval 
Ordnance Laboratory’s huge pressure vessel for 
sting naval ordnance. The vessel and its quick- 
ening door, Fig. 1, were required to withstand a 
Yorking pressure of 1000 psi to simulate ocean water 
Messures down to depths of one-half mile below the 
turface. 
Some idea of the magnitude of this project may be 
teaned from the photograph, Fig. 2. Having an av- 


per problems of design were successfully 
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erage inside length of 36 ft 7 in. and a diameter of 
8 ft 4 in., the vessel is probably the largest 1000-psi 
type in the world. Its total internal volume is 1994 
cu ft, equivalent to 14,900 gal. The shell alone weighs 
111 tons, the door 39 tons, and 61 tons of water are 
needed to fill the vessel. 

Shown in major detail in Fig. 3, the vessel consists 
of a heavy horizontal cylindrical shell, one end sealed 
permanently and the other closed by a door lifted into 
position hydraulically. Beneath is a transfer tank in 
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Fig. 3—Section through vessel, door, supporting structure, door-actuating ram, and test-water tank 


which water is stored when not needed in the vessel. 
After the vessel has been filled with water to conduct 
a test, additional water is pumped in to raise the pres- 
sure or is released to lower it. Upon conclusion of a 
test, the water is drained into the storage tank. 

As developed by the laboratory in conjunction with 
the Babcock & Wilcox and Adamson United Com- 
panies, the vessel has a factor of safety of five. The 
three courses of the shell, which may be seen in the 
drawing, were rolled from 4 in. thick steel plate, the 
edges of the courses being pressed hot to obtain the 
desired curvature prior to welding longitudinally. 
Girth welding was employed for joining the courses, 
and also for the hot-spun head at the closed end of 
the shell and cast-steel ring at the door end. All 
welding grooves were of the type shown in Fig. 4. 
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Two major difficulties arose in connection with the 
design of the door, the first being its operation and 
the second the sealing against leakage. Large doors 
previously had been made for sealing steam pressure 
of about 150 psi. These were of the vertical sliding 
type, using a drum and cable for lowering into closed 
position. No door of the required size, however, had 
been built before to withstand 1000 psi. It was evi- 
dent that the door would be extremely large and 
heavy, and would require excessive structural facili- 
ties if designed for lowering to the shell. The de- 
cision therefore was made to reverse the normal 
method of operation and to lift the door into closed 
position by hydraulic means. 

To support the door and raise it between the two 
vertical guides, which may be seen in Fig. 1, a 12-in. 
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diameter forged-steel ram, 14 ft 7 in. long was re- 
quired, housed in a cylinder 3%%-in. thick. In moving 
into position, the face of the door clears the face of 
the shell ring by not more than 0.06-in., finally 
coming to rest in the closed position illustrated in 
Fig. 3. It will be noted that the upper half of the 
door ring fits under and within the upper half of the 
shell ring, while the lower half fits around it. This 
design holds the door in place against the total force 
of 4000 tons resulting from the maximum internal 
pressure. 


Door Raised and Locked Hydraulically 


Oil pressure of 840 psi is required to lift the door 
and is supplied by a Vickers 1000-psi pump driven 
by a 15-hp motor. When the door is raised to its 
closed position the oil pump continues to build up 
pressure until at 900 psi a valve opens and admits 
oil to a cylinder and pin on each side of the vessel, 
forcing the pins to move in and lock the door in place. 
The pins (locking holes for one of which are shown 
at the left edge of Fig. 1) strike a limit switch at the 


.end of their travel, shutting down the pump. As a 


safety measure, in case the pump should for some 
reason continue to operate and build up higher pres- 
sures, a relief valve opens at 950 psi and diverts the 
oil back to the drain. 

To open the door the oil pump is started again. 
At 850 psi the oil pressure under the ram. lifts the 
weight of the door off the pins, and at 900 a valve 
opens to admit oil to the pin cylinders, moving the 
pins out. At the end of their travel the pins strike 
limit switches which open another valve, allowing 
the oil from under the ram to return to the drain. 
The door then starts down until it reaches its max- 
imum open position where it strikes another limit 
switch that stops the pump. Operation is, of course, 
automatic, the door being raised, lowered or stopped 
in any position from the pushbutton station. Ap- 
proximately four minutes are required in raising or 
lowering the door. 

In connection with the problem of sealing the door 
against leakage, previous experience indicated that 
tubber gaskets would operate without difficulty on 
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Fig. 4 — Left — Detail of 
weld groove for all 
seams of vessel 


ry 
Fig. 5—Right—Schematic 
illustrates how special 
rubber gaskets seal 

ae door against leakage 

















vessels subject to 400 psi working pressure and up 
to 800 psi test pressure. To determine whether they 
were suitable for 1000 ¢si working pressure and 2000 
psi test pressure, a test plate was made using a 
gasket 26 in. diameter under conditions similar to 
those anticipated in the vessel. A maximum pres- 
sure of 3000 psi was reached satisfactorily, amply 
proving that the projected type of gasket would be 
suitable. 

Shown diagrammatically in Fig. 5, the gasket is 
approximately a %34-in. square with a lip projecting 
from one side. Two such gaskets are employed, 
fitted into concentric grooves in the face of the shell 
ring so that their outer strfaces are flush with the 
face of the ring. External vacuum is used to pull the 
gaskets into the grooves .while the door is being 
raised or lowered. As soon‘as the door closes, posi- 
tive external pressure is applied to the gaskets, forc- 
ing them against the face of the door ring to form a 
preliminary seal. Internal pressure developed after 
the vessel is filled with water forces the gasket lip 
firmly against the face of the door ring, thus effect- 
ing a final seal. The external pressure behind the 
gaskets can be maintained or removed without dis- 
turbing the final seal. 


Second Gasket Insures Sealing 


While it was fully expected that one gasket would 
be sufficient at all times, a second gasket was pro- 
vided as a precaution. The gaskets are synthetic 
rubber, and operating temperature is approximately 
70 F. External pressure system for the gaskets con- 
sists of a 3-hp Nash vacuum pump having a capacity 
of 40 cu ft at 15-in. Hg, and an air-operated Aldrich- 
Lytle power unit with a capacity of 2.2 gpm at 2000 
psi with 50 psi air pressure. In order to insure a 
vacuum behind the gaskets when the door moves up 
or down, the vacuum pump is interlocked with the oil 
pump that raises or lowers the door. A further inter- 
lock is provided to prevent the door from being 
opened as long as there is pressure on the gaskets. 
With the vessel under test at 1000 psi, leakage past 
the seal was found to be considerably less than the 1 
cu ft per hr allowed by the Navy. 
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Part 3—Rotary Pumps 














ISTORY of rotary pumps begins in the sixteenth century 
H and to anyone interested in modern rotary compressors or 

pumps, the subsequent development in the next 300 years 
makes fascinating study. The invention of the steam engine turned 
men’s minds to a rotary substitute for the reciprocating engine 
and an extraordinary variety of mechanisms was evolved and re- 
peatedly reinvented. 

What might be described as a semirotary pump is illustrated 
in Fig. 6 from Ramelli’s book (1588). This uses a half-contrate 
wheel to rotate a worm in alternate directions and thus reciprocate 
pistons in curved cylinders—-the construction being obviously im- 
practicable. 

The forerunner of the modern gear pump, or of the famous 
Roots blower of 100 years ago, was a meshing gear pump usually 
ascribed to Pappenheim. There is some doubt as to whether Pap- 
penheim was a man or a place, but descriptions of the pump indi- 
cate that it was known before 1650. Ramelli describes a single 
gear and lifting-roller vane pump which may have been the fore- 
runner of the Pappenheim pump, since the logical step would be 
to replace the roller and slide with another gear wheel. Fig. 7, re- 
drawn from Serviere (1719), is a fine early illustration of the 
pump and is remarkable for the ingenious linkage connecting the 
driving crank to the pump. 

Vane pumps, so widely used and known today, are also de- 
scribed by Ramelli although their precise origin is obscure. The 











design shown in Fig. 8, from Ramelli, will be recognized by pump | § 
engineers as a modern construction. The partially disassembled § 
pump at the top right shows the swinging vanes. The ordinary | 4 
loose vane rotary pump, as well as various types of semirotary : 
vane pumps, are described and excellently illustrated. . 

There must have been many inventors of pumps and engines | ) 
in the past hundred years who would have benefited from a sight | 
of the illustrations from some of these books. “Three dimensional” | © 
oumps, i.e., thcse based on the sphere instead of the cylinder, are J 
much later developments. Beginning in the nineteenth century, } 
they have not proved to be of practical interest. A good descrip- | 
tion of such pumps will be found in .Reuleaux’s Kinematics of | 5 
Machinery (1876). £ 
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Fig. 1—Operating in sequence with press ram, 
index table employs modified Geneva drive to 
effect high cycling rates without backlash 


IGH cycling rates and elimination of backlash, 
or jump, during indexing are advantages of 
the hydraulic index table shown on a Denison 

hydraulic press in Fig. 1. These advances are made 
possible through the application of hydraulics to 
the controls and by the use of a Geneva drive me- 
chanism of modified design for the index table. 

By hydraulically controlling the index table, it is 
possible to obtain a greater number of cycles for 
the machine than with the conventional Geneva drive. 
Indexing cycles may be varied from 20 to 60 per 
minute with a 14-inch stroke of the hydraulic-press 
ram, by adjustment of a valve mounted on the fluid 
motor under the table. 

Unlike the usual Geneva drive in which the driver 
rotates continuously at a uniform speed, this mechan- 
ism of modified design provides for speed variation. 
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Modified Geneva Drivé 


By V. Blasutta 
Chief Engineer 


The Denison Engineering Co. 


Columbus, O. 


By means of the hydraulic control, the driver may 
be rotated at high speed during the cycle portion 
that the spider is in locked position. It is also possible 
to reduce the speed of the driver during its indexing 
cycle to a rate determined by the part carried on the 
table or by other limiting factors. The rate of index 
speed is easily adjusted. However, the rate of speed 
of the driver in its locking cycle is always at its 
maximum. 

The Geneva drive modification, Fig. 2, utilizes proj- 
ecting spider lugs that extend past the normal out- 
line of a spider of conventional design. The purpose 
of this projection is to eliminate ‘acklash or jump. 
Irregular action, characteristic of a conventional 
Geneva drive, occurs at the time the roller of the 
driver enters the spider driving slot, and the driver 
locking face is only half way in the locking pocket 
of the spider. In the modified spider, however, the 
extended lugs permit the roller to enter the drive 
slot at a point just before the actual index. This 
avoids any possible jerk in the spider motion due 
to quick pick-up or stop. 

The gear mounted on the under side of the Geneva 
driver has the bottom face machined to an irregular 
surface. This acts as a cam for controlling a hy- 
draulic valve that governs the speed of the fluid 
motor as shown in the schematic drawing in Fig. 3. 
The Geneva drive gear meshes with the pinion that 
is driven by the fluid motor. Flow-control and by- 
pass valve is mounted on the inlet and outlet 
ports of the motor. The control for the by- 
pass spool in the valve lines up with a tappet that 
carries a roller actuated by the cam of the Geneva 
drive gear. 

By depressing the valve tappet at the proper time, 
the gear cam determines the portion of cycle for fast 
speed and slow speed. The ports are opened fully 
in the control valve for the high-speed portion and 
closed to the predetermined volume for the slow-speed. 
At the end of one complete revolution of the driver, 
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the valve tappet is further depressed to stop the fluid 
motor and driver. This automatically interlocks the 
table with the main valve in the press to start the 
downward movement of the ram. At any time that the 
ram is in its downward motion or its upward motion, 
it is not possible for the table to index. After the ram 
has completed its upward motion and lifted the press 
valve shipper rod, the valve automatically starts the 
fluid motor through its cycle and interlocks the ram 
in its upward position. 

Single or continuous automatic cycling is obtained 
by the setting of the main valve in the press. For 
a single cycle, the valve press handle is pulled down 
momentarily to allow a pressure shot of oil to go to 
the control valve of the index table and start the 
cycle. After the table has indexed, the handle may be 
released and the press will complete its entire cycle, 
stopping with the ram in the up position. For auto- 
matic cycling, the handle is pulled down to the lowest 
position and then held there by cam action. The 
press will cycle continuously until the handle is re- 
turned to release position. 

Operational sequence of a cycle after the valve 


Fig. 2—Section of Geneva drive mechanism. The modified 
Geneva spider has extended lug projections that eliminate 
backlash when the roller enters the spider slot 
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handle is pulled down is as follows: Oil is directed 
from the press line through the press valve to the 
index-table control valve. This starts the fluid motor 
rotating the Geneva driver for the indexing and 
locking motions. At the completion of the index and 
locking cycle, the fluid-motor valve allows a pres- 
sure shot of oil to go to the inner spool of the press 
valve, which when shifted by this pressure causes 
the ram to descend. The inner spool remains in that 
position due to line pressure caused by the ram de- 
scending. At the end of its stroke, when the ram 
momentarily stops, and the desired pressure is ob- 
tained, the inner spool returns to its original position 
by spring pressure which overcomes the now reduced 
line pressure. At the same time, it automatically re- 
verses the flow of oil to return the ram upward. At 
the top of its stroke, the ram lifts the shipper rod 
on the press valve and reverts the oil to the fluid 
motor control valve to start the next index cycle. 
This will automatically continue until the handle 
of the press valve is raised to the release position, in 
which case the press ends its cycle with the ram in 
its upward position. 

It is also possible to employ a two-way skip valve 
and have it actuated by a cam mounted on the out- 
side edge of the table dial so that, when the dial 
stops at the end of an index, the cam will depress 
the skip-valve spool. This action will cause the table 
to re-index without letting the ram go through its 
cycle. By spacing a cam on every other station, it 
is possible to skip every other station and have, in 
effect, a three-station index table instead of a six. 
In this manner, the table will index twice for each 
cycle of the ram. 


Fig. 3—Schematic drawing of the interlocking circuit for 
press ram and indexing table, illustrating the operating 
elements and their relative positions 
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engineering 
applications of 


Ductile 
Cast 
iron 


By Albert P. Gagnebin, 
Keith D. Millis and 
Norman B. Pilling 


The International Nickel Co. Inc. 
New York 


DUCTILE CAST IRON is a rela- 
tively new engineering material 
offering excellent castability, 
high mechanical properties, good 
machinability, pressure tightness, 
high modulus, and excellent 
shock resistance. In this article, 
the authors present the latest 
data on this promising newcomer 
to the ferrous field and discuss 
numerous successful applications 
to date, thus pointing the way 
to intelligent, effective use in 
engineering design. 


Fig. 1—These ductile cast iron parts require toughness combined with high 
yield strength: (a) press yoke; (b) mounting bracket for plow tail wheel; 
(c) plow hitch; (d) axle housing; (e) pneumatic hammer part 
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INCE announcement in May, 1948! by the In- 
ternational Nickel company of the new process 
for producing ductile cast iron* by the use of 

magnesium, interest in this material has mounted 
steadily in the engineering field. Its superior me- 
chanical properties? have resulted in a number of 
important applications in machinery typical of which 
are the parts shown in Fig. 1. 

A high-carbon ferrous material, ductile cast iron 
contains graphite in the form of spheroids. By con- 
trast, the graphite in ordinary gray iron is in the 
form of flakes, the difference being strikingly illus- 
trated in the micrographs of Fig. 2. The notches and 
discontinuities of the matrix caused by flake graphite 
are largely responsible for the relatively low strength 
and toughness of ordinary gray iron. Internal notch- 
ing is at a minimum in ductile iron which has a great- 
ly increased proportoin of effective matrix. Thus, the 
latent qualities of the matrix can be more fully 
realized with graphite in spheroidal form and a wide 
variety of superior mechanical properties, including 
high ductility and toughness, can be achieved. 


CASTABILITY AND PRESSURE TIGHTNESS: Ductile iron 
enjoys the same process advantages that have made 
gray iron a popular and widely used casting material 
for so many centuries. It has a low melting point, 
exceptional fluidity and good machinability. It is 
particularly suitable for producing complex, intri- 
cate shapes requiring mechanical properties of a 
high order. Many parts are too intricate to be cast 
in steel and have inadequate mechanical properties 
when cast in gray iron. 

Pressure castings in general, regardless of their 
intricacy, offer attractive possibilities for ductile iron 
because, if properly fed, there is no doubt of their 
pressure tightness. The spheroidal shape of the graph- 
ite precludes leakage which may occur even in prop- 
erly fed gray iron because of the interconnections 
between the coarse flakes of graphite. The heavy 
ductile iron cylinder of Fig. 3 is an example of a 
proper application for this material. In Fig. 4 is shown 
a compressor head casting which was used in an ex- 
perimental test program to compare the properties 
of ductile iron, gray iron and steel. Hydrostatic tests 
on these heads indicated that ductile iron casting 
failed at a pressure comparable to that required to 
burst the steel head, which was considerably greater 
than that sustained by the gray iron. Other tests 
were equally satisfactory and promise extensive use 
of ductile iron in this type of application. 

Another new application which utilizes the fluidity 
and the high mechanical properties of this material 
is ductile iron pipe. Eight-inch diameter pipe, eighteen 
feet long, with a wall section of 0.420-inch, was cast as 
readily in ductile iron as in gray iron. Gray iron 
pipe failed hydrostatically at a pressure of 2400 psi 
and shattered into a large number of pieces when 
it burst. Ductile iron pipe, which was cast and an- 
nealed in exactly the same manner as the gray iron 


a 





1 References are listed at end of article. 


* Patented by The International Nickel Co. Inc., U. S. Patents Nus. 
2,485,760 and 2,485,761. 
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pipe, expanded under pressure and developed a pro- 
nounced bulge in one zone. Failure occurred at a 
pressure of 5300 psi in the form of a longitudinal 
crack along the bulge and with no shattering. It is 
obvious that higher pressures can be used in ductile 
iron pipe and that less maintenance will be required 
because of fewer failures due to ground shifts and 
water hammering. Furthermore, it is anticipated 
that its ductility will permit its use for the trans- 
mission of certain fluids and gases which are now 
barred to cast iron because of its lack of ductility. 


TOUGHNESS: A large and obvious area of applica- 
tion for ductile iron is in castings requiring moderate 
irapact or shock resistance. In the past, many cast 
iron parts have failed because of shock loads in 
normal service. Numerous component parts on agri- 
cultural, road maintenance, and earth moving equip- 
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Fig. 2—Graphite structures of gray iron (above) and duc- 
tile cast iron (below) 
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ment are in this category. Examples are tractor front- 
wheel forks, rear-wheel hubs, transmission cases, 
axle housings, mower guards and points, starter 
housings, levers, pulleys and gears. 

It is the opinion of some engineers that a tough- 
ness level represented by 5 per cent elongation would 
prevent the impact failure of many of these castings 
under normal service conditions. Ductile iron can 
readily achieve 5 per cent elongation in the as-cast 
condition in certain compositions and a large number 
of such component parts made of this material have 
been tested successfully. 

The mechanical properties obtained in one-inch 
test sections of commercially melted cupola irons 
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from a composition range favorable for as-cast duc- 
tility are shown in Fig. 5. These data show that a 
relation exists between the hardness, strength and 
ductility of ductile iron. Hardness in the test blocks 
was varied by stripping them from the molds at 
various temperatures and thus achieving different 
cooling rates through the critical range. The ductility 
of this material is a function of the proportion of 
ferrite and pearlite in the structure. Slow cooling pro- 
motes ferrite structures with high ductility while 
rapid cooling promotes pearlitic structures of higher 
hardness and low ductility. 

The data in Fig. 5 show that ductility of 22 per 
cent elongation has been achieved in the as cast con- 
dition. This remarkable value is higher than normal 
and is the result of a number of favorable circum- 
stances. However, many foundries regularly produce 
ductile iron having 8 to 15 per cent elongation in one- 
inch sections in the as-cast condition. Such irons 
have a microstructure containing a large proportion 
of ferrite. 


Cast and Test Properties Comparable 


Sections cut from a variety of castings, which var- 
ied in hardness because of differences in section 
thickness, developed properties in close agreement 
with those of the test bars. Sections with a hard- 
ness of 195 Brinell developed about 12 per cent elong- 
ation while others with a hardness of 230 Brinell de- 
veloped 5 per cent elongation. It should be understood 
that the relations shown in Fig. 5 apply only to the 
composition stated. Other compositions, notably those 
higher in manganese and phosphorus, will develop 
a different relation between hardness, scrength and 
ductility. When sufficient test results have been ac- 
cumulated to establish the hardness-ductility-strength 
relationships of various compositions, a simple method 
of quality control will be available since the hardness 
of properly produced, sound castings will provide 
an index of strength and ductility which can be used 
in both production and design. 

Annealing is necessary to develop ductility in castings 
having very light sections which cool rapidly enough 
to induce pearlitic structures and hardness levels 
greater than about 280 Brinell. Maximum ductility 
is achieved by heating to 1600F, cooling to 1275 
F and holding at that temperature for 5 hours. Irons 
containing up to 0.4 per cent manganese and 0.1 per 
cent phosphorus will develop about 18 to 23 per cent 
elongation after this treatment, while those con- 
taining up to 0.8 per cent manganese and 0.20 per 
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Fig. 3—High mechanical properties and assured pressure 
tightness make ductile cast iron ideal material for this 
hydraulic press cylinder 


cent phosphorus will develop about 15 per cent elong- 
ation. Considerably broader composition limits can be 
tolerated if heat treatment is to be used to achieve 
ductility than if it is to be obtained in the as-cast 
condition. If maximum ductility is not required, a 
simple treatment at 1300 F will readily develop about 
10 per cent elongation. 

The parts shown in Fig. 1 are examples of cast- 
ings that require a certain degree of toughness in 
combination with high yield strength for their suc- 
cessful performance. The casting in Fig. la is a com- 
ponent part of a press and is used in the as-cast 
condition. Typical farm implement parts, also used 
in the as-cast condition, are the tail-wheel mounting 


Table 1—Compression Properties of Ductile Cast Iron 








Yield Compressive Brinell Tensile 











Composition (%)——————__ Strength* Strength** Hardness Strength 
Mark Cc Si Ni Mn P Condition (psi) (psi) Numbr (psi) 
\ 3.1 2.2 2.8 0.8 0.06 As-cast 94.000 198,000 347 77,600 
B 3.1 2.3 1.9 0.8 0.06 As-cast 88,400 193,400 306 92.300 
Cc 3.6 2.3 1.9 0.4 0.03 As-cast 76,600 174,200 277 108,700 
D 3.5 2.3 0.9 0.2 0.03 As-cast 57,400 125.600 219 £0,500 
E 3.6 2.3 3.5 0.2 0.04 As-cast 95,600 178,800 321 123,000 
F 3.6 2.3 3.5 0.2 Annealed 66,000 122,800 195 72,300 
* Deflection, 0.5 per cent under load. 


** Not true compression values. 





Specimens bowed after the stress exceeded the yield point and final failure occurred by shearing. 
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Fig. 4—Hydrostatic tests on ductile cast iron compressor 
heads such as this indicated strength on por with that 
of a steel head of similar design 














































































































“"T T T T -— (er T 110 
i+ | 

24 Powmieaes 90 = 
rh <> | Composition | o 
= 20 TC 3.45-3.80 70 2 
5 ; Si 22-30 | S 
~ 16 Mn 0.20-0.35 1 6, ~ 
ee P 0.06-0.08 {° <£ 
= 12 Ni 0.60-0.90 __| > 
s‘L | li Mg 0.06-0.08 | @ 
3 . ll | ” 
c L. 4 @ 
ul Nin a 
‘7 | ~ rT) 
O i l l il l l 1 rn be 

140 160 I80 200 220 240 260 280 300 


Brinell Hardness 
Fig. 5—Relationship between elongation, tensile strength 
and hardness of ductile cast iron in one-inch sections as-cast 


number of worm and worm wheel assemblies have 
been produced from ductile cast iron having the fol- 
lowing typical properties: 


Yield Point . 75,000 psi 
Tensile Strength 103,000 psi 
Elongation 3.7 per cent 
Brinell Hardness 250 


RIGIDITY: Ductile iron has a modulus of elasticity 
of about 25,000,000 psi. This value is virtually un- 
affected by composition or section thickness and is 




















uniform from heat to heat. The material is elastic 
- bracket and the plow hitch shown in Figs. 1b and c in the generally accepted sense and develops pro- 
is | tespectively. More than a thousand of the axle hous- portionality of stress to strain up to high loads. 
ings shown in Fig. 1d have been produced and are It is well known that gray cast iron does not follow 
giving satisfactory service on road equipment ma- Hooke’s law and its apparent modulus steadily de- 
chinery. Fig. le shows a component part for a pneu- creases with increasing stress. The average stiffness 
z- | matic hammer which is used in the annealed con- varies with the amount of graphite present and ranges 
ye | dition because it is subjected to heavy shock loads. from 12 x 10® psi in high-carbon iron to 20 x 106 
re Although considerable emphasis has been given psi in low-carbon iron. The modulus of gray cast iron 
st | ductile irons with predominantly ferritic structures, is also a function of the shape and distribution of 
a | the possibilities of other structures should not be the graphite flakes so that some variation may be 
it | overlooked. The new material can be produced with encountered in heats of similar composition. 
a variety of structures such as pearlitic, acicular, Stiffness is an important feature in certain en- 
t- | martensitic, and austenitic, each of which has its gineerive applications of which paper mill rolls are 
in | Own area of application. Examples of parts produced an exa. ie. Such roils are machined with a cambered 
e- | With pearlitic structures to obtain wear resistance surface to overcome the deflection resulting from their 
n- | are the bevel gears of Fig. 6a and the worm and worm weight and from working loads in order to produce 
st | Wheel of Fiz. 6b. Frequent failures occurred when a uniform gage across the width of the paper. A uni- 
1d | the bevel gears were made of gray iron, whereas no form modulus of high value in combination with high 
ig | failures have been experienced with the 300 sets of strength is advantageous in these circumstances. 
ductile iron gears tested in field service. A large Aside from its high mechanical properties, which 
Table 2—Gall Test Data Comparing Ductile and Gray Cast Iron 
A Tensile Brinell Scoring Galling Maximum 
, Type of Tvve of Cormposition (%) Strength Hardness Load Load Apparent 
Iron Graphite Cc Si Ni Mn s (psi) Number (Ib) (Ib) Stress (psi) 
“ Gray Fine Flake 
Dendritic 3.1 1.7 2.0 0.8 0.09 0.09 30,000 224 150 190 41,000 
0 Gray Coarse 
0 Inoculated Flake 3.0 1.8 2.7 0.7 0.09 0.09 36,000 218 300 400 59,000 
0 Gray Coarse , 
0 High Phos. Flake 3.1 1.7 2.1 0.7 0.46 0.13 47,000 241 375 560 66,000 
a6 Ductile Spheroidal 3.0 3.9 1.9 0.9 0.02 0.01 90,000 279 400 500 71,000 
Ductile Spheroidal 3.0 2.2 2.0 0.2 0.02 0.01 80,000 217 300 400 54,000 
Ductile Spheroidal 3.5 2.3 2.0 0.2 0.02 0.01 es 00 212 400 500 59,000 
50 
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Fig. 6—To obtain high 
wear resistance, these 
parts were produced of 
ductile cast iron having 
pearlitic structure: (left) 
bevel gears used on hay 
baler; (below) worm 
and wheel used in rail 





















will be useful in many other types of rolls, a less 
obvious advantage of ductile iron is the superior 
quality of its machined surface. Some rolls require 
a flawless surface which is difficult to achieve in 
other cast ferrous materials. 


ABRASION RESISTANCE COMBINED WITH TOUGHNESS: 
A unique property of ductile iron is that it can com- 
bine a hard, chilled surface with a ductile core or 
back. By appropriate composition control and cast- 
ing the material against a metal chill, it is possible to 
combine a carbidic, abrasion-resistant surface with a 
moderately ductile back. Tempering treatments below 
the critical range not only toughen the chilled sur- 
face but also improve the ductility of the material 
adjacent to the chilled zone. Combinations of 52 to 
60 Rockwell C hardness on the chilled surface, with 
2 to 10 per cent elongation in the supporting metal, 
can be achieved by this method. No other material 
can achieve this combination of structure and prop- 
erties. Its only counterpart is a bimetal consisting 
of a tough alloy coated with a hard surfacing ma- 
terial. 

One remarkable application of this unique ability 
is in plow shares, Fig. 7. About 25,000 of these shares 
have been produced with an unconditional guarantee 
on breakage. The ductile iron shares have shown 
impressively better abrasion resistance than other 
commonly used materials. 


COMPRESSION PROPERTIES: The compression prop- 
erties of a few ductile cast irons, recorded in TABLE 
1, indicate that the compression strength varies di- 
rectly with hardness. The yield strength ranges from 
57,000 psi in iron having a hardness of 219 Brinell 
to 95,000 psi in iron with a hardness of 321 Brinell. 
The materials develop proportionality of stress to 
strain up to the proportional limit. 

The ultimate compression strength values given in 
TABLE 1 are believed to be low because the specimens 
bowed after the yield point was exceeded and eventu- 
ally failed in shear. These specimens were 4.2 inches 
long and had a 0.798-inch diameter reduced section 
for a length of 2.4 inches. Specimens 1 inch in diam- 
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car equipment 


eter by 1 inch long were machined from the soft irons 
designated as D and F in TABLE 1. They were loaded 
to the limit of the capacity of the testing machine, 
which was equivalent to a stress of 225,000 psi, and 
were reduced from the original length of one inch to 
0.602 and 0.550 inch respectively. 


GALL RESISTANCE: The excellent wearing quality 
of gray cast iron is well known and is generally at- 
tributed to the presence of graphite in its structure. 
Considerable interest attaches, therefore, to the effect 
of changing its form from flake to spheroid and its 
probable influence on resistance to rubbing friction. 

A gall test, developed by the research laboratory 
of the International Nickel company consists of rub- 
bing a cylinder against an annular ring of the same 
material without lubrication. The cylinder is oscil- 
lated 15 degrees 11 times a minute, and the load be- 
tween the specimens increased by 10 pounds during 
each oscillation. ‘Tests are made to progressively 
higher loads, bracketing the loads that cause scoring 
and those that cause galling. The apparent stress 
developed is calculated by estimating the area of 
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Fig. 7—Combination of hard, chilled surface with ductile 
core gives ductile cast iron plow shares superior abrasion 
and breakage resistance 


contact on the cylinder and dividing into the load. 

Data in TABLE 2 demonstrate the well-known fact 
that gray irons with coarse flake graphite are con- 
siderably superior in gall resistance to iron containing 
fine, dendritic graphite. Galling occurred at 190 
pounds load with dendritic graphite iron and at 400 
pounds load in iron of similar composition but con- 
taining flake graphite. 

The ductile irons with spheroidal graphite, par- 
ticularly the one with a pearlitic matrix and hardness 
of 279 Brinell, do not appear to be inferior to the 
coarse flake graphite iron. The soft ductile irons, 
of 220 Brinell hardness and with a ferritic-pearlitic 
matrix, were substantially superior to the dendritic 
graphite gray iron. These results indicate that the 
wearing quality of ductile cast iron should be equiva- 
lent to that of gray cast iron. However, no operating 
data are available as yet to support this conclusion. 


MACHINABILITY: Turning tests which were made 
with Carboloy tools to compare the machinability of 
gray iron and ductile iron are summarized in TABLE 
3. These results show that ductile iron with a hard- 
ness of 220 Brinell and containing 3.6 per cent car- 
bon and 2.9 per cent silicon had the same tool life 
as gray iron containing 3.2 per cent carbon and 2.29 
per cent silicon and having a hardness of 143 Brinell. 


Fig. 8—Ductile cast iron hammer anvil weighs 40,000 
pounds and has section thickness of 36 inches 


When the ductile iron was annealed to 170 Brinell it 
had a machinability rating of 180 as compared to 
100 for the gray iron. A spheroidal graphite iron con- 
taining 3.2 per cent carbon and 2.3 per cent silicon, 
which was included for comparison even though it 
does not represent the optimum composition for duc- 
tile iron, had a lower machinability rating than the 
gray iron. The ductile irons consumed more power 
during machining than the gray iron even when they 
had the same or better machinability ratings, which 
is perhaps an indication of greater toughness. The 
ductile irons developed longer chips during machining 
than the gray iron and use of cutting fluid had no 
appreciable effect on machinability. 

Thus, these tests indicate that ductile cast iron 
of optimum composition has the same machinability 
as low-strength gray iron in the as-cast condition and 
is far superior in the annealed condition. Another 
feature that has been widely observed is that the 


Table 3—Machinability Results of Flake vs. Ductile Cast Iron’ 




















Tool Life 
Brinell V10 (cutting T600 (tool Power 
Hardness Cutting speed, fpm, % life, minutes, (net hp/cu % 
Material Composition (%) Condition Number Fluid for 10-minute life) vio at 600 fpm) in. /minute Power 
Gray Iron C 3.2, Si 2.2, As-cast 143 Dry 440 100 4.4 .55 100 
Mn r - S 0.04, Emulsion 555 126 8.0 .55 100 
PO 
Ductile Iron C3. oy i 2.3, As-cast 248 Dry 305 69 1.5 77 140 
Mn 0. e ‘Ni 0.5 Emulsion 325 74 1.6 .76 138 
P 0.15, Mg 0.0 
Ductile Iron C 3.6, Si 2.9, As-cast 210 Dry 451 102 4.3 -74 134 
Mn 0.35, Ni 0.65, Emulsion 451 102 4.3 43 132 
P 0.05, Mg 0.08 
Ductile Iron C 3.6, Si 2.9, Annealed 170 Dry 780 177 22.7 .69 126 
Mn 0.35, Ni 0.65, Emulsion 780 180 23.1 .65 118 


a 


P 0.05, Mg 0.08 





‘Machine used—14-in. lathe; 


2Estimated. 
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tools—Carboloy 


883 carbide; 


depth of cut—0.050-in. ; 


feed—0.0129-in. per revolution. 


























quality of the machined surface of ductile iron is 
better than that of gray iron and, in fact, resembles 
that of steel. 

An extensive number of ductile iron castings have 
been produced including hammer anvils weighing 
40,000 pounds with a section thickness of 36 inches. 
One of these is shown in Fig. 8. One foundry has 
melted as much as 100 tons each day for several suc- 
cessive days. Other smaller shops are regularly pro- 
ducing 4 to 5 tons each day. There appear to be no 
limitations to the ductile iron process with respect 
to the melting unit used, quantity of metal to be 
treated, or the intricacy or size of castings. 

Performance data are being accumulated in a num- 
ber of engineering fields and, as with any new engi- 
neering material, time is required to evaluate the 
material and make the most effective use of it. Its 


high strength and stiffness, for example, offer at- 
tractive possibilities for weight reduction in a num- 
ber of applications. Interest so far has focused on 
the as-cast and annealed properties. However, the 
flexibility in properties available with alloys or heat 
treatment should not be overlooked. This material, 
like steel, is capable of developing a wide combination 
of properties. Its superior performance in many test 
applications, coupled with its moderate cost, in- 
dicate that it is destined to find extensive use in 
many engineering fields. 
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Standard Reducers Permit Varying Torque and Speed 


N A POWER bender, the operating specifications 
most subject to changing requirements are torque 
and speed. These factors are made easily variable 
in the bender shown in the accompanying illustra- 
tion which is made by the Hancock Tool and Die 
Corp., Detroit, Mich. Basic operating components 


of the machine are a rotary fixture drive and a pres- 
sure cylinder arrangement by which the work is bent 





to the shape of the fixture as the fixture revolves. 
The fixture drive is composed of a motorized, self-con- 
tained standard speed reducer, rather than built-in 
gearing. This makes it possible to alter the speed 
and torque of the basic machine simply by an inter- 
change of speed reducers and motors. 

Torque requirements for a power bender of this 
type are of course quite high. The machine shown, 
for example, has a torque capacity rating of 44,000 
in-lb and employs a 15-hp, 1200-rpm motor. To meet 
these requirements, plus a reserve capacity, and still 
keep the machine design compact, standard Cone- 
Drive geared reducers are used. 
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Minor variations in speed—between the various 
ratios of standard Cone-Drive reducers—are obtained 
by proper selection of the pulley drive between motor 
and reducer input shaft. The output shaft of the re- 
ducer is coupled directly to the rotating fixture table. 
The latter is so designed that a wide variety of fix- 
tures can be readily interchanged on the machine. 

The Cone-Drive reducers are of the double-extended 
gear shaft type, permitting use of the reducer to time 
the machine through a cam plate mounted on the 
lower end of the output shaft and actuating a series 
of electrical switches and solenoids to control the air 
valves to the pressure cylinder, the motor brake, etc. 
Interchange of cams for different fixtures is thus also 
made quite simple. The motor brake is located on 
one end of the motor armature shaft to stop the fix- 
ture rotation at specified points in the bending opera- 
tion. 

In operation—which is automatic, either forward or 
reverse—the operator clamps one end of a piece of 
rolled stock or tubing in the fixture and presses the 
start button. As the fixture revolves, a shoe is forced 
against the stock by an air cylinder, forming the strip 
to the external contour of the fixture. The machine 
stops automatically permitting the operator to un- 
clamp and remove the finished part. 


“Today, mechanisms of greater complexity and pre- 
cision than even before are mass produced by met 
who usually do not understand the exact function of 
the part they manufacture. Yet successful operation 
of the complex precision machines is wholly dependent 
upon precise control of surface finish. The task of 
determining such exact surface finishes and of clearly 
designating them to machine operators now belongs 
to the designer” —-JAMES A. BROADSTON, North Amer 
can Aviation Inc. 
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— OA, ... of hydraulic scales pre- 
a] dicted by simple analysis 


By Sigmund Rappaport 


Consulting Engineer 


Wright Machinery Co. 


Durham, N. C. 


PEED at which a weighing unit can be oper- 

ated, and to a degree the overall effectiveness 

of the machine on which it is used, is governed 
by the scale’s oscillation time. Defined as the period 
required by the scale to react to the load, oscillation 
time is related to scale sensitivity. Theoretical con- 
sideration of this relationship predicts closely the 
actual performance of a scale, as will be shown in 
the following development. 

If the equilibrium of a hydraulic scale is disturbed 
by the application of a load the float, Fig. 1, which 
is assumed to be cylindrical in this discussion, will 
oscillate about the point of equilibrium. Viscosity, 
inner friction, turbulence, etc., the combined effect 
of which is called damping, will cause the amplitudes 
of the oscillations to become progressively smaller 
until the movement subsides completely. If the damp- 
ing effect is critical, no marked oscillation occurs, 
there being instead a slow creeping back to the point 
of equilibrium. Only damping below the critical point 
will be considered in this development. 

The time-amplitude curve of the oscillation is 
similar to that illustrated in Fig. 2. Equation of mo- 
tion of this damped free vibration is* 





K cz 
x — e-ct/2M (c, cost ¥—— -< — + C2 sint 
M 4M? 


K 2 
¢— ~ 5] .@) 
M 4M2 / 











where 


x = Amplitude, inches, at any given time t 
e = Basis of natural logarithms = 2.71828 
c¢ = Damping constant, ounce-seconds per inch 





*J. P. Den Hartog—Mechanical Vibrations, McGraw-Hill Book Co. 
Inc., New York, 1934, Pages 35-54. 
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M = Whole mass set in motion during oscillation, 
ounces 

t = Time, seconds, measured from the beginning of 
free vibrations 

K = Force required to lower the float one inch, 
ounces per inch 

C, = Integration constant 

C, = Integration constant 


The amplitude of oscillation is progressively dimin- 
ished by the application of a force proportional to the 
float velocity and in the opposite direction. This 
force can be denoted as c times the velocity. An 
empirical constant, c, must be determined experimen- 
tally in each special case, as will be shown later. Its 
dimensions are force -- velocity = oz sec per in. 

The mass M consists of two parts: 


1. Constant mass of the float, m, including stem, 
tray and load, which can be replaced by the mass 
of the liquid displaced in the equilibrium position 

2. Variable part of the liquid set in motion which 
adheres to the float and depends on such factors 
as shape of float, ratio of vessel and float di- 
ameters, viscosity, velocity, etc. 


The second part varies in mass and acceleration dur- 
ing the oscillation. To the present time it has been 
impossible to evaluate this quantity theoretically in 
a general way. Considering the relatively small 
amplitudes of a hydraulic scale, it appears feasible 
to assume this mass to be of constant average value 
my, assigning to it the same acceleration as the float. 
The equation for the entire mass is then written 


Fig. 1—Top—Essentials of hydraulic scale with maximum 
amplitude of oscillation, xo, indicated 


115 











M m(1 + pg) a 


where » must be found experimentally, as shown 
later. Dimensions of the masses are taken to be 
ounces divided by g = oz sec? per in. Earth ac- 
celeration g is equal to 386 in per sec?. 

The force K required to lower the float one inch 
is equal to the weight of the liquid displaced by the 
one-inch movement: 


K r-7w : (3) 


float radius, inches, and w = unit weight 
of liquid in oz per in.* This force is equivalent to 
the commonly used “sensitivity reciprocal,” scale 
sensitivity and K being inversely proportional. Dimen- 
sions of K are oz per in. It should be noted that the 
roots of Equation 1 can never become zero or imagi- 
nary since c*/4M? is always less than K/M, the oscil- 
lation being a damped one below critical. 
In order to simplify notation, 


q y 


Referring to Equation 1, it can be readily shown* 
that C, 2»), the maximum amplitude of oscillation 


where r 


ce 


K 
r (4) 
M 4M 




















Fig. 2—Time-amplitude curve of damped-free vibration 


at ¢ 0, and C, = cx%/2Mq. Substituting these 
values and Equation 4 into Equation 1, 


c 
~ aae-et au ( cos qt + ——— sin qt (5) 
| mee 


The bracketed value in Equation 5 repeats itself 
when qt moves through 27. If the duration of this cycle 
is noted as T, then q7 = 27 and T = 2x/q, which 
is the time required for a full oscillation comprising 
one up and down stroke. The equivalent frequency, 
F, or the number of full oscillations per minute, 
would then be 

P< | (6) 

27 7 
Substituting Equation 2 into Equation 4 then placing 
the latter into Equation 6 


30  «K on  ¢@ Re 
m(1 + p) 4m?(1 + pu)? 


— 
“a 


*J. P. Den Hartog—Mechanical Vibrations, McGraw-Hill Book Co. 
Inc., New York, 1934, Pages 35-54. 
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From Equation 7 two facts become evident: first, 
the frequency becomes lower when the masses set 
in motion increase, and second, the frequency in- 
creases when K becomes larger. But, as pointed out 
previously, a larger K means a lower sensitivity. 


. Consequently, a more sensitive scale will have a 


lower frequency. 

To illustrate briefly a method of analysis involving 
Equation 7, suppose that sensitivity, or K, is specified, 
Since K = r?rw, the choice is one of making either 
r large and w small or vice versa. 

It remains to be shown how c and ,» can be de- 
termined empirically. 

A float of radius r and weight P, is observed to 
have frequency F, in a liquid of density w. Weights 
are then added to the float, making its weight P,, 
and the frequency F, is observed. 

Inasmuch as m = P/g, where P is the weight of 
the float assembly, ounces, Equation 7 becomes 











, 30 y —— oe 
gt mg(1+ p) 4m2g2(1 + pn)? 
30 V6 a al i c*g 
nl a - = —— ss 09 
wT P(1+ p) 4P2(1+ yp)? 


Once again simplifying the notation, a = 1 + ,» and 
b = c*g/4. Equation 8 can then be written 


187.5 cn iguana 
F=— *.y xPa —® (9) 
Pa 


Substituting into this equation the data of the fre- 
quency observations, 





187.5 |_ 
i> VRPa-d....... oe Pre er (10) 
Pia 
2 aaa 
F, = ——— y KP.a~ > . (ey 
P.a 
All terms except a and b are known. Therefore, 


solving Equations 10 and 11 simultaneously, first 
for a and then b, 


187.52 K(P2 — P;) 





a= babaln ws (12) 
F.2P.2 — F12P,2 
F,?P?a2 
b = KP,a — ——————_ ws (13) 
187.52 


Since b = c?qg/4, 
+ 
o= ay TPA rr ... (14) 
g 


Also sincea = 1+ p 
a=-ée-—1.... , ceeced . (15) 


Inasmuch as a and b are based on experiment, the 
damping constant, c, and the mass ratio, », can be 
determined for any actual setup. 

Theoretical considerations developed in this article 
have been employed in the design of a weighing 
machine built by the Wright Machinery Co., to whom 
the author is indebted for permission to use the fore- 
going findings. Actual performance of the completed 
machine bore out the theoretical predictions. 
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Bearings 





Fig. 1 — Mechanism 
linkage using bronze 
pins in cast steel and 
malleable cast iron 


for Intermittent, Oscillatory Motion 


UBRICANT is continually carried into most bear- 
ngs by the rotating action of their shafts. 
There are other bearing applications, however, 
such as power circuit breakers, in which no such 
continual shaft rotation is present to carry lubricant 
into the bearing. They operate either dry or with 
grease which may be inserted at assembly or forced 
in under pressure. Circuit-breaker bearings are 
mique in that their rotation is confined to a fraction 
of one revolution in most instances, and operations 
may be frequent or extremely infrequent. 
Despite this limited movement, which eliminates 
any possibility of carrying lubricant into the bearing, 
the circuit breaker must stand ready to operate 
and interrupt a dangerous short circuit at high speed 
an instant’s notice. To do so, every bearing in 
the circuit breaker must operate with a minimum of 
friction regardless of the length of time which has 
‘lapsed since the last operation. 
Differences in operating requirements for circuit- 


This article is an abstract of a paper presented at the Fall Meeting 
f ASME in Erie, Pa. 
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breaker bearings and those found in most other ma- 
chines can be itlustrated by considering a motor- 
generator set which develops 50 hp and runs at 3600 
rpm. Surface speed of the shaft in the bearings is 
approximately 35 fps, and the bearings are lubricated 
by oil and run with pressures in the order of a few 
hundred pounds per square inch. Surface speeds 
on typical circuit-breaker .shafts or pins, on the 
other hand, are less than 10 per cent of this motor- 
shaft speed. But the loads per square inch on these 
bearings are many times higher, ranging from 2000 
to 10,000 psi of projected bearing area, depending 
upon the particular application. In fact, peak. pres- 
sures may go considerably higher than 10,000 psi. 
These high bearing loads are a result of the heavy 
spring forces used to obtain high-speed accelera- 
tion of the breaker contacts. Pin and shaft diameters, 
moreover, are kept as small as,possible to limit 
the diameter of the friction circles,, 

Most power circuit-breaker shafts rotate through 
limited angles when opened; the: majority through 
less than 60 degrees, while few rotate more than 120 
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degrees. The closing operation generally reverses centerless-ground stainless steel shafts, as illustrated 
through the same angle. Breaker mechanisms con- in Fig. 2, this material has proved superior to metal- 
sist principally of cranks rotating backward and lic bearings in the following ways: 

forward as tie breakers close and open. During 
this motion the load generally varies considerably. 
As an example, during the closing of a breaker, open- 
ing springs and contact springs are encountered in 


1. Its coefficient of friction is appreciably lower 
than most metallic bearings; moreover, the coef- 
ficient of friction decreases as the load on the 
bearing increases which makes it particularly de- 





a sequence such that the final forces are anywhere sirable for heavily loaded bearings 
from 5 to 25 times the starting load. 2. Its low modulus of elasticity enables it to absorb , 
Historically, a large combination of materials has extremely high impact loads without cracking or 
been used for circuit-breaker bearings. When circuit permanent deformation 
breakers were first built for light loads, plain steel 3. Its flexibility permits it to distribute stress over . 
pins and steel bearings generally were used. As the entire bearing surface even with minor mis- ir 
loads increased, abrasion was encountered, and steel alignments in the bearing seats — . 
pins and brass bushings were substituted. In some ay % Ge pega — = qe ° 
‘ , . . reduces the frequency of maintenance for lubri- a 
cases it was more convenient to use brass pins direct- oti pa 
ly bearing in steel. Fig. 1 is an example of bronze 
pins in both cast steel and malleable cast iron. With The linkage of Fig. 2 is shown schematically in c 
the use of nonferrous metal, rusting and corrosion Fig. 3 to illustrate how the operating forces act | 4 
were greatly reduced. The coefficient of friction also through the mechanism and bearings. ul 
was reduced with the use of steel and brass. Later, The advantages which Textolite bearings offer over | 
in order to reduce corrosion, stainless steel pins were metallic bearings for circuit-breaker applications | ,, 
adopted, and these, when used with bronze bushings, have caused them to be used widely during the past | 4 
again effected a decrease in coefficient of friction. few years for all locations except trip latches or other 
TEXTOLITE COMPOUND BEARINGS: In the past few locations where very low torques are available. Ball, 
years a considerable number of new materials have roller, or needle bearings have been used for these 
been studied to determine what materials or combina- locations because of their lower coefficient of friction | 
tions of materials might be used for circuit-breaker at lighter loads. Textolite bearings are normally held | . 
bearings to obtain even lower coefficients of friction, in place by a press fit. As Textolite is a compressible rs 
longer life, higher permissible loadings, or less fre- material, considerably more interference between bore 4 ‘ 
quent lubrication. For this intermittent duty where and bushing can be tolerated than with metallic bear- ie 
heating was not a limiting factor, a much wider ings. A Textolite bearing as much as 0.020-in./in. 
range of materials and combinations of materials of bearing diameter larger than the hole in the sup- 4 
could be considered than is possible for continuously porting member may be pressed into place without | 
rotating bearings. Of the various bearing materials damage to the bearing, providing sufficient pressure - 
tested, Textolite tubing made of cotton cloth and ther- is available. As it is pressed into place, however, the - 
mosetting phenolic resin has proved to be far superior compression decreases the internal diameter of the id 
to any of the metallic materials. When used with bearing approximately the same amount as the in- 3 
of 
tior 
Fig. 2—Cranks and rollers of an air mechanism showing Fig. 3—Mechanism of Fig. 2 showing directions of load- | pre 


use of Textolite bushings and stainless steel pins ings and limited motions of oscillating members 
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Fig. 4 — Friction-load 
curves for stainless 
steel pins in Textolite 
bushings. (1)—Bush- 
ing interference fit, 
0.003-0.006-'n.; (2)— 
AB IS.) 6 ra) at 0.008-0.011-in.; (3)— 

aaa ae 0.013-0.016-in. 


terference between its outside diameter and the hole 
in the supporting member. Consequently the amount 
of press fit between the outside of the bearing and 
the hole in the supporting member must be held to 
a fairly close tolerance in order to insure uniform 
internal diameter in the bearing when in place. A 
clearance of approximately 0.007-in. is desirable be- 
tween the internal diameter of the bearing and the 
shaft to provide for shaft deflection between the two 
ends of the bearing and also to permit slight expan- 
sion during periods of high humidity. Wall thick- 
ness is 4g-in. fur small and medium-sized bearings, 
while a 3/16-in. is used on larger ones. 


Press Fit Controls Friction 


The coefficient of friction between shaft and bear- 
ing depends upon the amount of press fit used when 
inserting the bearing in the supporting member. Fig. 
4 shows curves taken on %34-in. bearings with three 
different amounts of press fit, and with the same 
grade of lubricant in each case. Where only 0.003 
to.0.006-in. was used, it was found that the shaft 
sank into the bearing and made contact with con- 
siderably more than 120 degrees of its surface. With 
0.008 to 0.011-in. press fit, the Textolite was con- 
siderably more compressed, thus giving better sup- 
port, and contact was made over 90 to 120 degrees 
of surface, which decreased the coefficient of fric- 
tion appreciably for all loads. With 0.013 to 0.016-in. 
press fit, less than 90 degrees of contact were ob- 
tained and the coefficient of friction was almost 
doubled. This substantiates a large number of tests 
indicating that 0.008 to 0.011-in. press fit per inch 
of bearing diameter provides the optimum operating 
conditions for circuit-breaker bearings. 

Fig. 5 shows the method of installing these bear- 
ings. The hole in the supporting member should of 
course be smooth with a small chamfer on the side 
from which the bearing is to be pressed into place. 
This is necessary to prevent damage to the outer 
surface of the bearing while it is being pressed into 


‘place. A small bevel at the ends of the outer surface 


of the bearing has also been found helpful in elimi- 
nating shearing damage during the pressing opera- 
tion. In most cases the friction of the press fit will 
hold the bearing in place. If very short bearings are 
used, or if the impact loading is especially severe, 


it may be necessary to install retaining plates at 


tither end of the bearing. 
Life tests of actual circuit-breaker bearings show 


|also that considerably higher bearing loads per square 
finch of projected area are permissible with Textolite 


bearings than with metallic bearings. Whereas 7000 
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Fig. 5—Steps in assembly of a Textolite bushing into a 
hole in the supporting member 


to 8000 psi of projected area is considered maximum 
for most metallic bearings, 10,000 to 12,000 psi may 
be used without difficulty on Textolite bearings. This 
permits the use of smaller shaft sizes, thereby re- 
sulting in further reduction in friction and faster 
breaker operating times. Textolite bearings may 
also be subjected to impact loads which in a few 
operations would elongate metallic bearings beyond 
further possible use. This is particularly desirable 
in circuit-breaker applications, as it eliminates the 
necessity of dashpots or other buffers in many loca- 
tions where they are installed primarily for protection 
of the bearings. 

Many locations of circuit breakers, such as steel 
mills, are very dirty. The use of grease in sleeve 
bearings minimizes the effect of dust although 
washers are often used to protect the ends of the 
bearings. Textolite bearings are not as adversely 
affected by foreign matter which may enter the bear- 
ing as are metallic bearings. Any foreign matter 
is embedded rather easily in the Textolite and the 
scoring action on the shafts is greatly reduced. The 
bearing itself is not affected. 

Temperature has little effect on the operation of 
Textolite bearings unless it rises so high that the 
strength of the cotton fibers is impaired. If the 
temperature is raised higher, actual charring will 
take place. This limits the use of Textolite bearings 
in most applications involving continuous rotation 
where the local temperature at the inner surface of 
the bearing may be quite high, unless some means 
of keeping the bearing cool is provided. 

Lubrication has always presented a problem in 
circuit breakers. Without complete and continuous 
rotation little grease is drawn into the bearing as 
it operates, therefore the only lubrication that can 
be depended upon is that which is inserted at as- 
sembly. As has been mentioned, Textolite bearings 
are made from a cloth embedded in phenolic resin, and 
the spaces in the cloth are seldom entirely filled with 
the resin on the inner surfaces. Thus, the little 
pockets which are left retain grease much more 
readily than smooth metal-finished surfaces. 




































































Cleaner Features Disposable Filter 





















| —_ styling of the tank fe 


type vacuum cleaner, left and be- th 
low, serves in a functional as well to 
as ornamental capacity. Vertical ur 
chromed bars dress up the appear- be 
ance and are used as gliders in mov- Ps 
ing the unit from one room to an- of 


other. The simple design of the | be 
cleaner permits its operation in ins 
either vertical or horizontal posi- ing 
tion, a swivel intake connection al- | &li 
lowing the power unit to remain op 
stationary while cleaning an area op' 
of 500 square feet. A disposable | the 
paper filter bag eliminates the the 
objectionable task of cleaning out ser 


the dust collecting compartment, | Th 
while an insulating jacket around on 
the motor and ball bearing mount- | ‘t 
ing of all rotating parts contri- Sin 
bute to quiet operation. Manufac- Wa, 
turer: Air-Way Branches Inc., sen 
Toledo, O. E. 

Pitt 
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Design 


Scale Weights Adjusted Mechanically 


A DISTINCT innovation in the precision weighing field, 
the balance shown, right, employs mechanical fingers 
to manipulate the weights. The one-pan, two-knife edge 
unit makes all weighings with the beam under load, weights 
being removed instead of added when weighing an object. 
Pan and weights are both suspended irom the same end 
of the beam, as shown in the top view of the balance, 
below. The opposite end of the beam carries a conpensat- 
ing weight which also serves as a dashpot or air-damp- 
ing device, a series of plates equal in area to the pan to 
eliminate errors due to temperature changes, and an 
optical scale. A set of prisms directs a light through the 
optical scale and projects it onto a ground glass scale on 
the front of the balance. To weigh a sample, knobs on 
the front of the instrument are turned which, through a 
series of cams and fingers, remove weights from the beam. 
The total of the weights removed registers automatically 
on a set of dials, the last three decimal places in the 
total weight figure being read from the projected scale. 
Since the total weight on the left end of the beam is al- 
ways the same, 200 grams, the balance has a constant 
sensitivity throughout its capacity range. Manufacturer: 
E. Mettler, Switzerland; distributer, Fisher Scientific Co., 
Pittsburgh, Pa. 


Knife Knife Zero Compensating Optical 
——— Weights Fingers edge Beom edge adjustment weight scale 
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Prism Prisms 











Prcomave counting and imprinting of 900 
2 by 2-inch cards per minute is automatically accom- 
plished with the Tickometer machine shown in the 
illustration, above. Material to 5 by 8% inches in 
size and varying from 0.003 to 0.016-inch in thickness 
is automatically drawn from a feed hopper by rubber 
rollers at the rate of 30 inches per second. These 
rubber rollers driving against steel separator bars 
carry the material to the trip mechanism which 
actuates two counters, one a cumulative total and 
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Cards Counted Automatically 





the other a setback type counter. After passing the 
trip mechanism and after date, code number, endorse- 
ment or canceling markings have been printed on the 
pieces they are automatically stacked. At the point 
in the feeding operation where the cards are sepa- 
rated, a throw-out shoe which is adjusted to the thick- 
ness of the items being handled prevents more than 
one piece at a time from passing the separator. Card 
thickness variations of a few thousandths can be 
detected. Mfg.: Pitney-Bowes Inc., Stamford, Conn. 


Washer Uses 


Constant-Force Linkage 


a wringer on the washing machine shown, left, 
requires an interesting linkage to impart uniform force during 
elevation from the stored position. Because of space limitations, tub 
and wringer assemblies move up and down as a unit. Since springs 
are used in lifting, it was necessary to design a lifting lever whose 
effective length would shorten as the unit moves upward. The draw- 
ing, top next page, shows the developed curves on the two lifting 
arms that result in a constant lifting force as the springs shorten. 
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Rolls support the washer unit on the 
arms and allow the point of contact to 
change throughout the lift. Four guide 
rolls, two on each side of the basket, 
locate the basket in the cabinet while 
permitting vertical travel. 

The wringer head drive, shown in the 
drawing below, employs spring clutches 
to transmit power to the rolls. A sleeve- 
like shifter ring mounted around the 
spring retainer can be moved either up 
or down by the shift lever. When the 
washer motor is operating, shaft, spring 
retainer and shifter pin or key are rotat- 
ing. Moving the shifter ring engages 
the key with one of the clutch springs. 
This spring expands radially, contact- 
ing the inside of the retainer. Since 
the springs are fastened to the drive 
pinions, power is transmitted from the 
retainer through the spring and to the 
pinion. Most of the load is carried 
through the spring, the key carrying 
only a smail part of the load and is 
therefore easily disengaged. Reverse 
wringer rotation is accomplished 
through the other pinion in the same 



































manner. Manufacturer: Automatic 
Washer Co., Newton, Iowa. 
Drive pinion 
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Slides Permit Contour Boring 


or Turning 


Verestasnl is the keynote of the precision boring machine 
shown at the upper left of next page which combines the com- 
pound motion of two slides to accomplish contour boring or turn- 
ing in addition to making straight turning or facing cuts. Longi- 
tudinal and contour slides are positively actuated by cams op- 
posed by pneumatic cylinders. Added flexibility is attained from 
the novel spindle arrangement—from one to four V-belt driven 
spindles can be mounted on the machine at varying heights and 


123 











above 


right, 
shows a four-spindle setup arranged for automatic 
loading with a conveyor belt carrying ejected pieces 


center distances. The photograph, 


to a tote pan. For special applications, a vertical 
slide is available to permit a facing operation to 
be done simultaneously with the boring and turning 


operations. 

Spindles, operating to 7500 rpm, have maximum 
run-out of 0.000025-inch which contributes to the ma- 
chine accuracy of 0.0001-inch. Manufacturer: The 
New Britain Machine Co., New Britain-Gridley Ma- 
chine Div., New Britain, Conn. 


Motor Operates On All Fluids 





A FLUID motor that operates 
on air, water or oil pressure with 
equal facility in either direction 
is illustrated in the drawing, left. 
The unit is composed of five cy- 
linders, the head ends of the piston 
bores being sealed by a flexible 
diaphragm. The operating fluid is 
successively admitted to each cy- 
linder on the side of the diaphragm 
away from the piston. Pressure of 














Motor the diaphragms against the pistons 

shoft applies force to an eccentric on the 

asd motor shaft, causing the shaft to 

— at rotate. A _ rotating distributing 
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valve attached to the motor shaft 
directs the operating fluid to the 
diaphragms in the proper sequence 
and exhausts the fluid from the 
opposite diaphragms. A maximum 
air pressure of 100 psi produces 
10 ft-lb torque at the motor shaft; 
maximum water or oil pressures of 
300 psi result in 30 ft-lb torque, 
with speeds adjustable by throt- 
tling the operating fluid. Manu- 
facturer: Crane Co., Chicago, Il. 
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Graphical Solution of 


By Tyler G. Hicks 


Mechanical Engineer 
Summit, N. Y. 


RESS or force fits of machine parts are economi- 
cal for many types of work in the machine 
design field. Mathematical determination of 
radial pressure between hub and shaft, hub tensile 
stress, and required force to make the fit are usual- 
ly tedious and time-consuming. Sufficiently accurate 
solutions for these quantities can be made graphically 
with a considerable saving in time and labor. 
PRESS FIT ANALYSIS: Members of a press fit are 
usually considered as thick cylinders. Since they 
are open at the ends, no direct axial stress is present 
and Birnie’s equations for open cylinders are appli- 
cable. In the compound cylinders shown in Fig. 1, 
pressure at contact surfaces will cause changes in 
the diameters which may be expressed as 


Ad, = ad — d, and Ad, = d. — dy» 


Total allowance, or intentional difference between 


mating parts, is therefore 
A dj, + Ad, _ di, 7 dyn =A 


The diametrical changes, Ad, and Ad,,, may be 


Fig. 1—Cross section of typical press-fit member showing 
dimensions used in evaluating radial pressure, assembly 
force and hub stress 
































expressed in terms of the radial pressure, p,, between 
contact surfaces as 





pd; dj,” 5 i d;? — Ck ) 4 Pedm ( d,? - dn? + Cm ) 





— » [ d.2 + dj? d,? + d.? 
pe a. Ld? —d?) Bald? —d2) 
Ck Cm 
= + = | . (1) 


when press fit members are of different materials. 
The substitution of d, for d, and d,, is permissible 
because the differences in values are never more 
than a few thousandths of an inch. 

For press fits in which the members are of the 





Nomenclature 


A = Allowance or intentional difference in 
size of mating parts, inches 
c = Poisson’s ratio of lateral contraction 
d = Nominal shaft diameter, inches 
d, = Shaft outside diameter, inches 
d; = Shaft inside diameter, inches 
d;, = Expanded hub inside diameter, inches 
d,, = Compressed shaft outside diameter, 
inches 
d, and D, = Hub outside diameter, inches 
D; = Hub inside diameter before fit is made, 
inches 
E = Modulus of elasticity of shaft or hub 
material, psi 
F = Assembly force, Ib 
f = Coefficient of friction 
L = Hub length, inches 
k = Subscript denoting one material 
m = Subscript denoting second material 
p. = Radial pressure between hub and shaft, 
psi 
8-¢ = Hub tensile stress, psi 
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same material, Equation 1 simplifies to 


AE (d,2 — d;*) (d,? — d,?) 
Pe = - eee Te 
2d.8 (d,? — di?) 





When the inner member or shaft is solid, d; = 0, and 
Equations 1 and 2 are easier to evaluate. 

The tensile stress at the inner surface of the outer 
member or hub is 


d,? + d,? 
SF a SS 7 6 (3) 


This relationship is usually used for cast iron hubs 
and a simpler one for steel hubs. For the latter, 


Sie = BA (107) ; (4) 


Experience has shown that Equation 4 is sufficiently 
accurate for design of steel hubs for all ordinary 
press fits. 

The axial force required to assemble a press fit is 
a function of hub length and thickness, friction be- 
tween hub and shaft, and diameter ratio of the mem- 
bers. In equation form, 


F = wdLfp, ‘ ‘ (5) 


This relationship takes into consideration the factors 
affecting the required force, and all except the coeffi- 
cient of friction can be obtained by measurement 
of the members. 

Coefficients of friction for press fits vary widely, 
0.04 to 0.25 being the ordinary range. Values of 
0.10 to 0.13 are commonly used in computing th> 
axial force required for assembly. In cases where 


Fig. 2—Operating procedure for Figs. 3 and 4. Following 
arrowed line determines required assembly force and 
radial pressure between jub and shaft 





Start 
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the shaft is rough or the hub bore uneven, higher 
values, 0.20 to 0.25, will give more accurate results, 
Lower values, 0.05 to 0.075 are used for determining 
holding power of the press fit when hub or shaft 
is axially loaded. Lubrication of either member be- 
fore making the press fit has little effect on the 
coefficient of friction because the lubricant is usually 
squeezed out during assembly. 

Torsional loading of hub or shaft may cause slip- 
page. Therefore, the. coefficient of friction used 
to determine the allowable torque is usually taken 
as 0.10. Allowable torque is found from the rela- 
tionship. 


T = 1/2rfp.Ld? ....... (6) 


Torques greater than the allowable will generally 
cause local slippage near the end of the fit. With 
alternating torques, stress concentration and rubbing 
corrosion at hub face may cause fatigue failure. In 
general, the maximum torsional holding power chould 
be used only for static torque applications. 


GRAPHICAL SOLUTIONS: As can readily be seen, 
mathematical determinations of radial pressures, hub 
stresses, and required assembly forces are cumber- 
some. To simplify these calculations the intersection 
charts shown in Figs. 3 and 4 and the stress chart 
in Fig. 5 have been constructed. These charts are 
valid for solid shafts and for hollow shafts in which 
the inside diameter is not more than 25 per cent of 
the outside diameter. Where stresses are above the 
yield point of the material these charts cannot be 
used because plastic flow will affect the values. Two 
typical problems will be solved to illustrate use of 
the charts. 


Example 1: A steel shaft 10 inches in diameter 
is to have a steel hub 14 inches long pressed on its 
end. Hub outside diameter is 20 inches. An allow- 
ance of 0.0008-inch per inch of shaft diameter has 
been specified. Find the radial pressure between con- 
tact surfaces, hub stress, and assembly force re- 
quired. 

Fig. 3 is for steel shafts and hubs. Ratio of shaft 
to hub diameter is 10/20 = 0.50. Enter Fig. 3 at 
0.0008-inch allowance per inch of shaft diameter and 
project vertically downward to the 0.50 diameter- 
ratio curve. From here run across horizontally to 
the 10-inch shaft diameter curve and read the hub 
radial pressure as about 9000 psi. Then project 
vertically downward from the 10-inch shaft diameter 
curve to the 14-inch hub length curve. Assuming 
a coefficient of friction of 0.10, project horizontally 
to this curve and then vertically down to 400,000 
lb, which is the required assembly force. Solution 
outline is shown in Fig. 2. Hub stress from Fig. 5 is 
24,000 psi. 


Example 2: A steel shaft 9 inches in diameter is 
to have a cast iron crank with a 10 inch long hub 
pressed on its end. Hub OD is 12 inches and al- 
lowance is 0.0012-inch per inch of shaft diameter. 


Fig. 3—Right—Intersection chart for press fits of steel hubs 
on steel shafts. Example 1 in the foregoing text clearly 
illustrates use of this chart 
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STEEL HUBS ON STEEL SHAFTS 


Allowance per Inch of Shaft Diameter 
0.0002 0.0004 0.0006 0.0008 0.0010 0012 









5" 4" 


Radial Pressure between Steel Hub and Steel Shaft (1,000 psi) 
— 


~ 


) 1 2 3 4 5 6 7 4 + 10 " 12 
Force Required to Moke Press Fit (100,000 Ib) 
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Radiol Pressure between Cast Iron Hub and Steel Shoft (1,000 psi ) 
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0.0002 





CAST IRON HUBS ON STEEL SHAFTS 


Allowance per Inch of Shoft Diameter 
0.0004 0.0006 0.0008 0.0010 0.0012 




















3 a 5 6 7 8 9 0 il 2 
Force Required to Moke Press Fit (100,000 Ib ) 
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fig. 4—Left — Intersection chart for 14 
press fits of cast iron hubs on steel 
shafts. Example 2 in the text illus- 
trates use of this chart 


fig. 5—Right—Hub stresses for cast 
iron and steel hubs on steel shafts. 
When entering chart, use diameter 
ratio for cast iron hubs and allow- 
ance for steel hubs 


Tensile Stress at Cast Iron Hub Bore, (1,000 psi ) 
@ 
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2 


0.1 





Allowance per inch of Shaft Diameter, Steel Hub and Shoft 





Allowance per inch of 


02 03. 04 QS O6 
Diameter Ratio, 6, for Cast Iron Hub on Steel Shoft 


O. 0.0008 0.0010 ‘0.0012 
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rn BS B 
Hub Bore, (1,000 psi) 
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Tensile Stress at Steel 
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Fig. 4 is for steel shafts and cast iron hubs. Enter 
fig. 4 at an allowance of 0.0012-inch per inch of shaft 
liameter and project down to the diameter ratio of 
12 — 0.75. From here run across horizontally to 
he 9-inch shaft diameter curve and read the radial 
Messure as 4300 psi. Next, project vertically down 
the 10-inch hub length curve, across horizontally 
© the 0.10 friction factor curve and down to the 
Sembly force of 125,000 lb. Solution outline is 
imilar to Fig. 2. Hub stress from Fig. 5 is de- 
tmined as 15,250 psi. 

CHART APPLICATIONS: These charts find many 
Xplications in office and shop. Besides determina- 
fon of radial pressures, hub stresses, and assembly 
trees, any other variable may be solved for if the 
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dimensions of the members are known. One partic- 
ular use which has been found a great time-saver 
is determination of coefficients of friction. When 
a new type of press fit is put into production the 
approximate required assembly force is found graph- 
ically from the appropriate chart, using an assumed 
coefficient of friction. The members are then as- 
sembled and an accurate value of the actual assembly 
force required is obtained from instruments on the 
press. Entering the chart with the actual assembly 
force and dimensions of the members, the actual 
coefficient of friction is found. Several tests of this 
type on similar members permits determination of 
an average value of the friction coefficient which can 
be used for all future work on these members. 
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PRODUCTION AND 


VN 


Modern Practices in Manufacture 


Big-Scale Accuracy 


heaviest single unit of its machinery, the bull 

gear, is also just about the most microscopically 
accurate thing aboard. Although weight of the two 
gears and the shaft shown being machined at the 
Sunnyvale, California, plant of the Westinghouse Elec- 
tric Corporation is 51,200 lb, tolerances for the op- 
eration must be held to as close as 0.0003-inch. The 
two wheels are welded together on a shaft to form the 
final stage of a gear train that reduces the 6000 rpm 
of a 7500-hp turbine to the approximately 100 rpm 
required in the propeller drive. Diameter of each 
bull-gear wheel is 146.392 inches. 


LT. A MODERN turbine-driven ship the biggest and 


Fig. 1—Below—Final stage of lathe operation. Machinist 
is inscribing “target patch” line 0.003-inch wide used for 
lining up the helices in hobbing 
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The two bull-gear wheels have opposite helix angles, 
each wheel containing 693 teeth with a diametral pitch 
of five. The two helices must intersect at an hypo- 
thetical line exactly midway between the two inner 
rims. Hubs of the gear are forged steel, sides are of 
steel plate, and the rims and shaft are high-carbon 
steel forgings. 

The wheels are turned on a big lathe as shown in 
Fig. 1 in four major operations: Wheel diameters, 
faces of rims, beveled corners, and wheel shoulders 
or “dowels.” Accuracy surpasses that found in a 
fine watch. For any of these surfaces, the maximum 
“indicator runout’’—the amount that dimensions may 
vary from the computed figures—is less than three 
ten-thousandths of an inch. The shaft is supported 
on steadyrests and lathe centers. 

Great care is taken to make sure that the big 
wheels and their shaft are properly aligned before 
machining. The shaft is turned true to ensure that 
the wheels will turn in the exact vertical plane of the 


> 


whe 





~~ 
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shaft journals. Prior to the lathe machining, the 
wheel has been completely welded, normalized, and 
shrunk on its shaft. 

Hobbing of the teeth had been completed on one 
wheel and is just starting on the second in Fig. 2. 
Square “target patches” are used on both wheel rims 
and can be seen just to the right of the operator. A 
thin locating line runs through these patches and 
provides reference points for lining up the helices. 

Hobbing is done by a rotary multipointed tool not 
unlike a pine cone in appearance at the extreme left 
of the lower wheel. Twelve minutes are required for 


CCURACY was the watch- 

word when this 13-foot di- 
ameter forging, right, was ma- 
thined to an accuracy of 0.0015- 
inch on major dimensions and 
toa parallel tolerance of 0.0025- 
inch in the Wheeling, W. Va., 
shops of Continental Foundry & 
Machine Company. A pair of 
these machined forgings are now 
in service as pole caps in the 
lew 400,000,000-volt Cyclotron 
war Pittsburgh which will be 
erated by Carnegie Institute 
if Technology. The minute steps 
m the face of the forging meas- 
ie only 0.017-inch deep. Ex- 
temely accurate dimensions 
Md contours are necessary to 
ntrol the shape of the mag- 
letic field in the cyclotron and 
properly direct the paths of 

atomic projectiles used in 
‘tom smashing. 
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Cyclotron Precision 


Fig. 2 — Left — Hobbing 
of large bull gears for 
ship propulsion. Teeth 
are completed on the 
upper wheel and hob- 
bing has just been 
started on the lower 
wheel _ 


the wheel to revolve and with each revolution the 
hob advances into fresh metal. Both a rough cut and 
a finish cut are made for each wheel. A rough cut 
takes about 90 hours per wheel; a finish cut, 120 
hours. Once the finish cut is started, the hobbing 
cannot be stopped until completed. Accordingly, hob- 
bing machines are equipped with battery power that 
switches on instantly in case of power failure. The 
hobbing room and lubricating oil are kept at a con- 
stant temperature of 78 to 80 F to limit tempera- 
ture changes in the wheel during the operation that 
would seriously affect accuracy of the machining. 
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NOTEWORTH Y 


I NCREASED BRAKING EFFECT in an electromag- 
netic clutch and brake mechanism is obtained by 
grooving the face of the braking member or disk 
that engages the brake shoe. If the shoe is com- 
posed of a relatively deformable material such as 
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cork, friction surface of the disk is materially in- 
creased by the grooves, permitting use of a lighter 
clutch-disengaging spring which, in turn, allows fewer 
ampere turns to be wound in the magnetizing wind- 
ing. Such a device is covered in patent 2,481,028 and 
assigned to Lear Inc. by William P. Lear. 


Lwnration of the torque transmitted to or from 
an engine starter, thereby protecting starter and ring 
gear from accidental overloads, is covered in patent 


























2,481,324 which Donald L. Miller has assigned to 
Bendix Aviation Corp. Power from the starting 
motor is transmitted to a threaded screw shaft 
through a spring and a saw-tooth clutch. As in a 
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conventional Bendix starter, a control nut attached 
to a hollow barrel travels along the screw shaft to 
carry the starter pinion into engagement with the 
ring gear. If the engine is rotating backward, be- 
cause of backfiring or some other reason, another 
clutch between pinion barrel and pinion will slip, pro- 
tecting the drive from destructive loads. This second 
clutch consists of two saw-toothed members arranged 
so that excessive loads cause the spring-loaded clutch 
faces to wedge apart and permit the teeth to ride 
over one another. 


r 

T wove OF THE BARREL in swash plate type 
hydraulic pumps is minimized through the arrange- 
ment shown in patent 2,480,069. The rotating pump 
barrel is splined to the drive shaft at a point such 
that the resultant of the forces from the pistons and 
thrust plate is trensferred to the drive shaft essen- 
tially radially and at approximately the center of the 
splined section. Such an arrangement also provides 
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for substantially normal forces between thrust plate 
and pistons and between barrel and port plate, reduc- 
ing tendency of the barrel to cock and, consequently, 
resulting in less wear on the parts. Torsional strain 
in the compression springs employed to keep the pis- 
tons in engagement with the thrust plate is eliminated 
by mounting the barrel end of these springs in rotat- 
ing, thimble-shaped bearings which allow the springs 
to rotate with the pistons. Fred. J. Wright has as- 
signed the patent to Denison Engineering Co. 
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AND MATERIAL S 


For additional information on these new developments see Page 143 


Speed Control Mechanism 


Operating principle 
of Zero-Max speed 
control device in- 
volves use of crank 
motion on input shaft 
to create linear mo- 
tion which is_ ab- 
sorbed on output 
shaft by series of 
one-way over-riding 
clutches. Leverage mechanism is placed between two 
shaft structures to vary the length of stroke so as 
to provide infinite speed variations from zero to 4:1 
ratio. 

Device is compact, can be mounted in any position, 
has instant response to speed change, which can be 
made either while operating or stopped, and has high 
starting torque. Small unit which will handle loads 
uw to 10 in-lb output torque is available with or 
without case. Manufacturer: Revco Inc., Minneapolis, 


Minn. 
For additional information circle MD 1 on Page 143 


Rubber-Metal Bonded Parts 


Natural or _ syn- 
thetic rubber and 
metal can be com- 
bined in one bonded 
unit by Acushnet 
process to aid in de- 
sign _ simplification 
and cost redur tion. 
Several methods are 
employed to give de- 
sired properties such 
% resiliency, strength, shock absorption, electrical 
insulation, corrosion resistance, vibration suppres- 
sion and protection against abrasion. Service is of- 
fered by Acushnet Process Co., New Bedford, Mass. 


For additional information circle MD 2 on Page 143 


Magnesium Extrusion Alloy 


Relative insensitivity to notch effect and good im- 
pact and fatigue strength are obtained by AK60 mag- 
sium alloy containing 6 per cent zinc and 0.6 per 
‘nt zirconium. High strength properties are due 
tainly to small grain size, insured and maintained by 
addition of zirconium. Other factors contributing to 
itrength properties are extrusion conditions such as 
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speed, temperature and reduction of cross-sectional 
area. While used primarily for aircraft floor beams 
and wings, alloy is applicable to truck and trailer 
floor sills and parts, textile machinery and materials 


handling equipment. Manufacturer: Dow Chemical 
Co., Midland, Mich. 
For additional information circle MD 3 on Page 143 


Self-Locking Setscrew 





Designed for set- ~“AiZ. 77, 
screw applications 
where vibration is 
a factor or for reg- 
ulating and adjust- 
ment applications, 
Zip-Grip setscrew 
is quickly inserted 
and tightened. It 
requires no closer 
than Class Two fit. 
Lower part of 
screw has standard 
thread, while up- 
per thread section or ‘activating area’ has larger 
pitch diameter which creates interference fit or ex- 
pansion effect against thread flanks. Screws are avail- 
able in nearly all metals, including hard or soft stcel, 
stainless steel, brass, bronze or aluminum, and are 
obtainable with any type head. Manufacturer: Set 
Screw & Mfg. Co., Main St., Bartlett, Ill. 


For additional information circle MD 4 on Page 143 
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Manual Auto-Transformer Starter 


Intended for use on 
squirrel-cage motors, 
manual autotransformer 
type starter is available 
in sizes from 5 hp, 220- 
440-550 v to 250 hp, 
440-550 v for 25, 50 and 
60 cycles. Switch mech- 
anism operates with 
quick-make and quick- 
break action. Two auto- 
matic reset overload re- 
lays are standard. 
Starter is obtainable in 
form T with air-break 
contacts and form X with oil-immersed contacts. Air- 
break type can be converted to oil-immersed opera- 
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tion merely by adding standard oi] tank that is sup- 
ported beneath switch. Time-delay under-voltage 
release, which prevents unnecessary opening of 
switching mechanism on slight voltage dips, is stand- 
ard on largest starter and can be supplied on other 
sizes. Furnished on all types, adjustable time-delay 
mechanism controls length of accelerating period 
before switching motor from starting to running 
taps. Manufacturer: Allen-Bradley Co., Milwaukee 
4, Wis. 


For additional information circle MD 5 on Page 143 





Motor Starters and Contactors 


Design features of these a-c magnetic starters and 
contactors include straight-line guided motion of arm- 
ature and movable contact assembly. Double-break 





silver-to-silver contacts are readily accessible for in- 
spection and replacement without removing wiring. 
Coil can be removed with screwdriver. 

Sizes 0, 1 and 2 open-type contactors and starters 
are made to conform to NEMA standards for wiring 
and mounting dimensions. Holding-circuit interlocks 
are located to left of vertical centerline. NEMA 
standardized control and power wiring is furnished 
with all sizes of contactors and starters. Manufac- 
turer: Square D Co., Industrial Controller Div., 4041 
N. Richards St., Milwaukee 12, Wis. 


For additional information circle MD 6 on Page 143 


Shaft and Pump Packing 


Made with alternating rings of 
solid unoriented Du Pont Teflon 
and of graphite or mica combined 
with Teflon, Chemiseal No. 711 
shaft and pump packing is particu- 
larly adapted to applications where 
chemical attack from _ solvents, 
acids or alkalies or contamination 
of product involves serious problems. Even under 
slight gland pressure, graphite-filled rings are forced 
into leakproof seal against shaft periphery. Natural 
lubricating properties. of both graphite and Teflon 
make any additional lubricant unnecessary in many 
applications. Use of solid Teflon rings at each end and 
alternately throughout packing precludes possibility 
of flow through packing itself. Teflon is completely 








134 


inert to all known chemicals at temperatures up to 
550 F. Manufacturer: United States Gasket Co., 602 
N. Tenth St., Camden, N. J. 


For additional information circle MD 7 on Page 143 





Positive-Displacement Rotary Pump 


Utilizing floating vanes both 
radially and laterally, this ro- 
tary pump combines turbine 
action with positive displace- 
ment. Light or heavy viscos- 
ity liquids or gases can be 
pumped equally well at con- 
tinuous operating pressures up to 70 psi or at high 
vacuum and static head. Unit also can be used as 
rotary engine or fluid motor with high starting torque 
and wide speed range. 

Radial control is accomplished through use of yoke 
crosshead and off-center pin; lateral control, by lock- 
ing vanes inside of rotor. Control mechanism is in- 
side of and revolves with rotor. Vanes do not touch 
either sides or race as they revolve. Rotor and shaft 
assembly are carried on preloaded deep-groove sealed 
ball bearings to prevent end thrust movement. Pres- 
sure-controlled mechanical seal is used, and pump 
operates in either direction with equal efficiency. 
Available in capacities of 10, 15, and 20 gpm at 0 psi, 
pump is supplied in cast iron, bronze or of cast iron 
with bronze fittings. Manufacturer: Chicago Lab- 
oratory & Engineering Co., 4140 N. Kedzie Ave., 
Chicago 18, IIl. 


For additional information circle MD 8 on Page 143 








High-Voltage Selenium Rectifier 


Usable for electronic ap- ea ee 
plications requiring conver- _ 
sion of alternating current 
to direct current, these high 
voltage miniature selenium 
rectifiers require only two 
soldering connections for in- 
stallation. They consist of 
six individually tested and 
matched cells connected in half-wave circuit and rated 
at maximum peak inverse voltage of 380 v. Current 
ratings available are 75, 100, 150, 200, 250, 300 and 
350 ma. Manufacturer: International Rectifier Corp. 
6809 S. Victoria Ave., Los Angeles 43, Calif. 


For additional information circle MD 9 on Page 143 





Free-Machining Bronze Alloy 


High in lead content, but made without zinc, Mix- 
ture “44” bronze alloy has machinabiilty of 90 per 
cent compared to best free cutting brass rating of 
100 per cent or grade B1 phosphor bronze rating of 
50 per cent. It is available in rods, sheets, strips and 
bars. Because of its high lead content, alloy can be 
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machined to close tolerances at high cutting speeds 

without burning or scoring cutters. It can be used 

for screw-machined and similar bronze or phosphor 

bronze parts and where zinc cannot be tolerated. 

Manufacturer: Riverside Metal Co., Riverside, N. J. 
For additional information circle MD 10 on Page 143 


Miniature Mechanical Chain 


Specifically designed for use around small pulleys 
and sprockets, miniature load carrying chain and 
stud chain are available made from either stainless 
steel for general usage or beryllium copper for elec- 
tronic applications requiring nonmagnetic materials. 
Load-carrying chain of either material weighs ap- 
proximately %4-oz per lineal foot, will operate around 
pulleys as small as 3/16-in. diameter and is capable 
of passing through 180-degree turn smoothly with- 





out binding or slipping. Using stainless steel links 
with heat treated SAE 4130 pins, load carrying chain 
has 310-lb yield strength and 428-lb ultimate 
strength. Beryllium copper chain has 290-lb yield 
strength and 440-lb ultimate strength. 

Stud chain will operate around seven-tooth sprocket 
with minimum diameter of 0.395-in., either material 
weighing approximately 1%-oz per lineal ft. With 
stainless steel links, stud chain has yield strength of 
100 Ib and ultimate strength of 170 lb. With beryl- 
lium copper links, it has yield strength of 80 lb and 
ultimate strength of 140 lb. Manufacturer: Sierra 
Engineering Co., 123 E. Montecito Ave., Sierra Madre, 
Calif. 


For additional information circle MD 11 on Page 143 


Flexible Stainless Steel Hose 


Produced from corrosion-resistant No. 20 stainless 
steel alloy in sizes from 1 to 25-in. ID, this flexible 
hose is particularly useful on equipment which vi- 
brates or must be moved from time to time. Other 
applications include fluid-line connections and me- 
chanical parts which must flex. Hose is corrosion 
resistant to processes which cause formation of sul- 
phuric, formic or acetic acids and other highly corro- 
sive agents. Hose ends can be provided in nonflex- 
ible standard tube sizes for use with flanges, or fit- 
tings can be welded to ends of hose. Manufacturer: 
Alloy Tube Div., Carpenter Steel Co., Union, N. J. 


For additional information circle MD 12 on Page 143 
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Pull-Through and Self-Plugging Rivets 


Designated as PT 
pull-through type and 
9SP_ self - plugging 
type, these blind riv- 
ets can be obtained in | — -— 
1g, 5/32, 3/16 and 14- oo 
in. diameters. They 
are furnished regu- 
larly in aluminum al- 
loys or cadmium-plat- 
ed mild steel with 
either brazier or 100- 
degree countersunk 
heads. Pull-through 
type has no minimum grip limitations, and self-plug- 
ging type has grip range of 0.140-in. for any grip 
increment. Pin tail of rivet has pull grooves to as- 
sure positive driving. Positive shank expansion pro- 
vides ample hole-filling to meet normal requirements. 
Pin tail is automatically ejected by next rivet and 
will not become jammed in driving gun. Manufac- 
turer: Huck Mfg. Co., 2480 Bellevue Ave., Detroit 7, 
Mich. 






































For additional information circle MD 13 on Page 143 


Miniature Thermostat 


Having electrical capacity of 100 watts at 115 volts, 
a-c, this miniature thermostat for pilot control ap- 
plications can be furnished with normally-open or 
normally-closed electrolytic silver contacts. Extreme- 
ly sensitive adjustments from 0 to 400 F are made by 
single adjusting screw. Compact unit weighs only 
1/10-oz, and housing measures 1 x 5/16 x 14-in. over- 
all. It has wire-clinch terminal lugs and is totally 
enclosed. Manufacturer: George Ulanet Co., 410 
Market St., Newark 5, N. J. 


For additional information circle MD 14 on Page 143 


High-Torque Capacitor Motor 


Single-phase Tri- 
Clad high-torque ca- 
pacitor motors, hav- 
ing cast-iron  con- 
struction, are sup- 
plied in ratings from 
% to 5 hp. They 
utilize cast-winding 
squirrel-cage rotors 
and are dynamically 
balanced for smooth 
operation. To mini- 
mize overall dimensions, capacitors are mounted in 
base of motor and conduit box is replaced by built- 
in terminal board inside end shield for ease of wiring. 
Totally-enclosed built-in starting switch protects con- 
tacts from foreign matter. 

Motors are available in two types which differ only 
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in starting current, not in output characteristics. 
Type KCS is a capacitor-start motor designed for 
operation on 115/230-v, while type KCR is a capacitor- 
run type for 230 v. Manufacturer: General Electric 
Co., Schenectady 5, N. Y. 


For additional information circle MD 15 on Page 143 


Disk Clutch Mechanism 





This type SF disk 
clutch mechanism 
consists of standard 
gear tooth drive de- 
signed for starting 
and stopping flow of 
mechanical power. 
The mechanism incor- 
porates an extended 
bronze-bushed sleeve, 
tapered on outside 
diameter to fit tap- 
ered bore of Worth- 
ington QD sheave. To assemble sheave on sleeve, 
it is necessary only to remove grease fitting, place 
sheave over taper and use sheave pull-up bolts to 
draw it snugly into place. To demount sheave, same 
bolts are used as jack screws in taps provided for 
that purpose. Manufacturer: Edgemount Machine 
Co., Dayton 1, O. 


For additional information circle MD 16 on Page 143 





Flexible Sleeves and Gaskets 


Bonded silicone 
rubber and Fiberglas 
by means of mandrel- 
curing, these flexible 
sleeves and gaskets 
are suitable for in- 
stallations involving 
high pressures and 
temperatures. Sleeves 
are available in sizes 
ranging from 1-in. 
ID to 514-in. OD with wall thicknesses from 1/16 to 1 
in. They can be supplied in lengths up to 3 ft. Having 
lateral and horizontal strength, sleeves are recom- 
mended for applications requiring transmission of 
hot, cold or corrosive gases and liquids at tempera- 
tures ranging from —110 F to more than 400 F. 
They will not crack, become brittle or deteriorate 
after long exposure to air, ultraviolet rays or ozone. 
Manufacturer: Stalwart Rubber Co., 180 Northfield 
Rd., Bedford, O. 


For additional information circle MD 17 on Page 143 





High-Torque Gearmotor 


Usable wherever slow speed and high torque are 
required to drive small electrically operated devices, 
this gearhead unit measures 3 x 3 x 4% in. It is 
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powered by 1/100-hp 1750 rpm four-pole shaded-pole 
motor with totally enclosed worm gear drive. Stand- 
ard shaft speeds are 1.95, 3.9, 5.85, 7.8, 11.7 and 17.5 
rpm. With right-angle drive, standard speeds are 
58, 117, and 175 rpm. Shaft extension is 1 in. Mounted 
on rear shaft which can also be used as drive is 3-in. 
diameter fan which directs air over motor. Manufac- 
turer: Electro Engineering Products Co., 4824 W. 
Kinzie St., Chicago 44, IIl. 


For additional information circle MD 18 on Page 143 





Annular and Radial Ball Bearings 


Design of these annular and 
radial bearings vtilizes seal of oil- 
resistant rubber-coated fabric in 
contact with especially formed met- 
al shield. Lubricant is effectively 
retained and foreign materials ex- 
cluded. Composition seal is used in 
Nice 1600 and 3000 series bearings. 
Series 1600 are precision ground 
annular bearings while illustrated series 3000 are in- 
expensive unground radials. Manufacturer: Nice Ball 
Bearing Co., Philadelphia 40, Pa. 


For additional information circle MD 19 on Page 143 





Synchronized Linear Actuators 


These Lineator 
electrically operated 
linear actuators have 
been redesigned to in- 
corporate mechanical 
synchronizing feature 
that permits pairs of 
units to operate in 
unison regardless of 
load variations. They 
are recommended for 
use wherever flexibility of electrically controlled de- 
vice is required to generate thrust. Synchronizing 
feature provides solution to problem of imparting 
thrust at identical rate in separate locations, and 
flexible shaft connecting separate units handles dif- 
ferential power. 

Other improvements include nonturn device capable 
of absorbing full actuator torque in event of striking 
positive overtravel stop at full voltage with no re 
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sisting load, improved radio noise filter and increased 
motor power. Manufacturer: Airborne Accessories 
Corp., 25 Montgomery St., Hillside 5, N. J. 


For additional information circle MD 20 on Page 143 





High-Pressure Shuttle Valve 


Designed in accord- |! 
ance with drawings 
AN6277 and AN6278, 
this 3000-psi shuttle 
valve meets require- 
ments of specification 
AN-V-3b and is built 
in tube sizes 6 and 8. 
Although produced 
primarily for aircraft 
use, valve is applic- 
able to industrial sys- 
tems where it is desired to supply alternate pres- 
sure sources to cylinder or other device as precaution 
against emergencies, or for other design reasons. 
Valve has pressure drop of less than 10 psi at rated 
flow, and will shuttle against closed line. Surge flows 
or negative pressures will not displace synthetic rub- 
ber seat. Manufacturer: Parker Appliance Co., 
17325 Euclid Ave., Cleveland 12, O. 


For additional information circle MD 21 on Page 143 





Reversible Single-Phase Motor 


Operating on 
115-volt a-c, Model 
1201 single-phase, 
400-cycle, 1/100- 
hp motor with per- 
manent capacitor 
is designed for in- 
termittent duty 
without mainte- 
nance and for re- 
versible applica- 
tions. It is completely explosion proof, being totally 
enclosed with copper squirrel-cage rotor and wound 
field, dipped, baked and wrapped to give protection 
under extreme conditions. Weighing 8.3 oz, motor is 
2-in. high excluding worm gear and has 0.875-in. 
diameter circular pilot. Unit can be used with valves, 
lifts, pumps, actuators and like equipment. Manufac- 
turer: Electro-Aire Inc., 11439 Vanowen St., N. 
Hollywood, Calif. 


For additional information circle MD 22 on Page 143 








Copper Oxide Rectifier 


Maximum stability under extreme operating con- 
ditions is feature of compact model CX14 copper 
oxide rectifier for instrument applications. Gold-to- 
gold internal circuit arrangement consists of vacuum- 
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processed rectifier plates with gold contacts, spec- 
ially-treated gold terminals and copper alloy brack- 
ets. Factory-set pressure remains constant under wide 
temperature variation. Unit is impregnated and sealed 
to withstand extreme humidity and is fungus-resist- 
ant. Measuring 4% x 3/16 x \4 in., it mounts on one 
2-56 x 3%-in. screw. Manufacturer: Bradley Labora- 
tories Inc., New Haven 10, Conn. 
For additional information circle MD 23 on Page 143 


Snap-On Gaskets 


Self-centering, noncorroding and noncontaminating 
Chemiseal snap-on gaskets are applicable for accom- 
modating deflection and misalignment in assembling 
sections of conical-end glass pipe and assure smooth 





uninterrupted flow of materials inside pipe. They are 
constructed of solid unoriented Du Pont Teflon ma- 
terial that is impervious to attack from all known 
chemicals. Manufacturer: United States Gasket Co., 
602 N. Tenth St., Camden, N. J. 


For additional information circle MD 24 on Page 143 





Safety Shutoff Valve 


Designed for pro- 
tection against 
dangerous accumula- 
tions of gaseous or 
liquid fuels in event 
of power failure, 
series 21 Associated 
Factory Mutual ap- 
proved safety shutoff 
valve stops flow of 
any gas or liquid 
when current to its 
solenoid is interrupt- 
ed. When power is 
restored, valve re- 
mains closed until trouble is corrected, at which 
time valve is reset manually. Any number of 
switches wired in series with solenoid can protect 
installation against explosion hazards resulting from 
failure of air, gas or oil pressure and general power 
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failure. Valve can be obtained in sizes from 34 to 6 
in. and equipped with 110, 220 and 440-v solenoids for 
25, 50 or 60-cycle current. Manufacturer: North 
American Mfg. Co., 4455 E. 71st St., Cleveland 5, O. 


For additional information circle MD 25 on Page 143 


Cold-Forged Casters 


Increased strength 
and wear resistance are 
obtained in series 40 
easters by cold-forging 
process. Smooth pol- 
ished ball race finish is 
obtained, with contours 
fitting ball closely to 
give easy swiveling ac- 
tion. Dust cap prevents 
dirt from entering race- 
ways and provides 
means for lubrication 
retention. Casters can 
be obtained with nicro- 
steel, Durastan plastic, molded-on rubber, and cush- 
ion or hard rubber wheels in 3, 4, 5, or 6-in. diam- 
eters. Load capacities, which vary with types of 
wheels, range from 175 to 650 lb. Casters can be 
equipped with thread guards if desired. Manufac- 
turer: Rapids-Standard Co., Grand Rapids 2, Mich. 


For additional information circle MD 26 on Page 143 








Acrylic Molding Powder 


Low molding temperatures and fast cycling are 
possible with Plexiglas VS soft-flow acrylic molding 
powder for parts which will not be subjected to high 
service temperatures. In addition to good moldability, 
it provides water-white clarity. Under standard 
ASTM test, heat and distortion temperature is 66C. 
Other physical and chemical properties are similar to 
those of medium-flow Plexiglas VM powder. Manu- 
facturer: Rohm & Haas Co., Washington Sq., Phil- 
adelphia 5, Pa. 


For additional information circle MD 27 on Page 144 


Vibration Isolator 


Drilled, tapped 
and ready to use, 
Finnflex SP-9 vi- 
bration isolator is 
easily applicable to 
all types of ma- 
chinery and equip- 
ment. It consists 
of steel channel 
floating in rubber between two steel angies which in 
turn are welded to steel plate for bolt mounting. Cor- 
rect angularity between steel and securely bonded 
rubber enables isolator to approximate flat spot on 
stress-strain curve of relative slope. Because spring 
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index is not constant, resonance is avoided. Mounts 
provide for specific load varying from 40 to 3000 lb 
each and are available in any length up to 30 in. and 
in four rubber stiffnesses. Manufacturer: Finn & 
Co., 2850 Eighth Ave., New York 30, N. Y. 


For additional information circle MD 28 on Page 143 





Foot-Operated Pneumatic Valve 


Available in % and 
34-in. sizes for control 
of single or double-act- 
ing cylinders, Mac foot- 
operated air valve gives 
operator option of using 
it as either locking or 
nonlocking type. Low 
treadle design and short 
easy stroke are factors 
in elimination of opera- 
tor fatigue in normal 
nonlocking up and down 
pedal control. Locking 
application is obtained by slight forward pressure of 
toe when pedal is in depressed position. Slight down- 
ward pressure of toe will release locking mechanism 
and permit treadle to return to normal “up” position. 

Body design embodies one moving part, a hard 
chrome spool on which is mounted O-ring seals. These 
seals enter precision lapped bores of body and end 
caps to effect instantaneous seal. All tapping ports 
are on rear to provide convenience for piping. Manu- 
facturer: Mechanical Air Controls Inc., 3049 E. 
Grand Blvd., Detroit 2, Mich. 


For additional information circle MD 29 on Page 143 





Filter Regulator 


Designed for use with air and any 
noncorrosive gas at pressure up to 125 
psi and ambient temperatures up to 
120F, this filter-regulator unit re- 
sponds quickly to sudden demands for 
large volume without excessive mo- 
mentary pressure drop. Directional 
inlet of permanent filter creates cen- 
trifugal action, throwing moisture 
and entrained solids against bowl, 
where they run down into quiet zone 
beneath baffle. Cylindrical screen of 
reinforced 200-mesh Monel wire re- 
moves remaining solids. Surface area 
is ten times that of pipe opening so 
that air velocity is reduced and longer cleaning pe 
riods are afforded. Large air flow with little pres- 
sure drop is assured because of baffle plate and siphon 
tube action. Unit is 11 inches in height, is easily in- 
stalled and can be dismantled without removing from 
line. Manufacturer: C. A. Norgren Co., 222 Santa Fe 
Drive, Denver 9, Colo. 

For additional information circle MD 30 on Page 143 
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pane bearing perform- 
ance is governed toa 
geat extent by the selection of the 
hearing material, the bearing design 
and the method of lubrication. By 
determining these factors, in rela- 
tion to the operating conditions, wi 
have the basis for the selection of 
the proper bearnug to deliver the 
desired performance. 

In consideration of the lubrica- 
tion factor, we must determine the 
fllowing points: Speed, load, vis- 
wsity of lubricant, bearing mate- 
tial, clearance, bearing design, 
mature of the rubbing surfaces, op- 
eating temperature and method of 
teding and distribution of lubricant. 
While the primary purpose of lu- 
brication is to eliminate mechanical 
fiction and to prevent wear and 
wrrosion, no appreciable amount of 
pwer can be transmitted on the 
st of bearing materials without 
tefinite lubrication. Heat develops 


@ The purpose of oil grooves is to 
ssure proper distribution of the lubricant 
tong the length of the bearing in the 
tgion just ahead of the loaded area (see 
ove). Complicated and elaborate grooves 
tein most bearings neither necessary nor 
weful; they render manufacturing more 
ificult, and, if not properly placed and 
fecuted, may do more harm than good 
beause they may assist in interrupting 
te oil film, 

Deep grooves should always be avoided 
ad both edges of any oil groove should be 
tunded off to permit free entrance of the 
into the clearance. : 
Grooves should never be located in the 
‘pressure area of an oil lubricated 
¢ bearing. 

In order to obtain quick and uniform 
tetribution of the oil along the length of 

ing, the oil groove should extend 
tally from the point of entrance and 
bould stop short of the ends of the bear- 
% to minimize oil leakage. 
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The Lubrication of 
Sleeve Type Bearings-! 


rapidly when the shaft operates in 
direct contact with the bearing. 
Heat is also developed beyond the 
normal radiating capacity if the vis- 
cosity of the lubricant is too high in 
relation to the speed of the shaft. 

It is a mistaken idea that any 
type of oil or grease will provide 
suitable lubrication. The extensive 
research accomplished by the pro- 
ducers of lubricating materials en- 
ables any user of bearings to select 
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Oil Grooving 


In applications where the direction of 
rotation changes, spiral oil grooves ap- 
proaching the high-pressure area, like 
those shown in (a) and (b), might be 
expedient. 

In many types of split-half bearing, es- 
pecially when pressure lubrication is used, 
longitudinal chamfers (relieves) on each 
side of the bearing halves, are sufficient to 
secure distribution along the length of the 
bearing. 

As to the points of the oil entry into the 
oil grooves, they should always be located 
ahead (relative to the direction of the 
shaft rotation) of the pressure area; that 
is, in the unloaded side in bearings with 
constant load direction. 

In applications with changing load di- 
rection, the oil entry should be placed at 
points of minimum oil pressure. 

For very long bearings, two oil entrances 
might be expedient or necessary; if so, 
they should be connect*d by one axial 
distributing groove. 
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the exact type required for his ap- 
plications. In certain applications 
it is necessary to provide protection 
to the lubrication by the use of seals 
or the design of the bearing. This 
prevents the lubricant from seeping 
out with consequent loss and dam- 
age to material in process. 

With the starting of the shaft the 
frictional resistance is high. As the 
speed increases, the lubricant under 
the influence of the moving part, 
plus its adhesive qualities, builds up 
a relatively thick film between the 
surfaces at the point of nearest ap- 
proach. The shaft then undergoes a 
displacement in a direction at right 
angles to the line of load. The con- 
tinued speed of the shaft creates a 
film pressure which increases until 
an equilibrium is established. 


* * * 


| pew CURVE, as shown at left, represents 
the distribution of the calculated 
values of pressure in relation to the bearing 
reaction. The load-carrying capacity is 
governed by the maximum pressure that 
can be developed under the existing condi- 
tions. If the load pressure is down—as 
illustrated—then the curve indicates that 
the lowest pressure is practically opposite. 
Obviously this is the proper place for the 
intake of the lubricant. 
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Engineering Service 


Johnson Bronze offers manufacturers of all types 
of equipment a complete engineering and metal- 
lurgical service. We can help you determine the 
exect type of bearing that will give you the greatest 
amount of service for the longest period of time. 
We can show you how to design your bearings so 
that they can be produced in the most economical 
manner. we manufacture all types of Sleeve 
Bearings, we base all of our recommendations on 
facts free from prejudice. Why not take full advan- 
tage of this free service? 


This bearing data sheet is but one of a series. You can get 
the complete set by writing to— 





SLEEVE BEARING HEADQUARTERS 
525 S. MILL ST. + NEW CASTLE, PENNA. 
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Lightweight Drawing Board 


Air-cell type core of this Featherweight panel 
drawing board reduces weight without decrease in 
strength. Wood grain of top and bottom plywood 
panels runs in different directions, and all elements 
are bonded into rigid unit with waterproof glue and 
dipped in sealing agent to insure warp resistance. 
Sizes from 12 x 17 in. to 31 x 42 in. are available. 
Optional features include straight-edge gear-rack de- 


REMOVABLE TRANSPARENT 

ENTIRE BOARD DIPPED ‘STRAIGHT PLASTIC EDGES 
IN WATERPROOF EDGE - 

SEALING AGENT 








STRAIGHT-EDGE 


GEAR RACK ALIGNER ~ DOUGLAS AIR-CELL 


HONEYCOMB 






REMOVABLE 











SCREW S POPLAR 
‘ Sg tas REINFORCING 
" A ht" \_ prame 
ALIGNER GEAR ~ : SH « 
(COVERED) ty, . YS , 
a Se. 
Y \ ai As 
me if ge] CHOICE OF 
ALL PARTS GLUED \ 7~ 1.PLY OR 3-PLY 
WITH WATERPROOF owe »" BASSWOOD PANELS 





vice which assures horizontal alignment without T- 
square, easily removable transparent plastic straight 
edges and washable envelope-type carrying case of 
water-resistant vinyl-coated fabric. Manufacturer: 
Cal-Pan Corp., 1111 S. Fremont Ave., Alhambra, Calif. 


For additional information circle MD 31 on Page 143 





Strip-Chart Strain Recorder 


Features of this 
strip-chart strain re- & 3 


corder for use in 
stress analysis with 
bonded resistance 
wire strain gages are: 
Easy readability with 
914-in. wide chart 
scale, two chart 
speeds of 6 and 180 
in. per hour and ac- 
commodations for 
two-arm and four-arm 
strain bridge. Slowly 
varying strains can be recorded for as long as ten 
days without changing chart. Instrument is special 
adaptation of Leeds & Northrup Speedomax type G, 
model S recorder with simple adjustments for strain 
gage characteristics, strain ranges and Wheatstone 
bridge circuit. 

Microinch ranges of recorder are 1000, 2000, 5000 
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For additional information on this new equipment see Page 143 








and 10,000 on 6-v bridge and 2000, 4000, 10,000 and 
20,000 on 3-v bridge. Continuous gage factor adjust- 
ment covers range from 1.7 to 2.2. Response to full 
scale unbalance is approximately 3 seconds. Manv- 
facturer: Baldwin Locomotive Works, Philadelphia 
42, Pa. 


For additional information circle MD 32 om Page 143 


Aluminum Rule-Gage-Calculator 


Slide rule, depth — 
gage, beveled rule, 
protractor, triangle 
and square are incor- 
porated in one com- 
pact unit in Master 
Model Versi - Rule. 
Features include ma- 
chine - graduated 
fractional and decimal 
scales with beveled 
ruling edges, adjustable pivot friction joint and raised# 
inking edge. It will operate with T-square. Beveled] 
edges lie flat for all positions of rule. Constructed 
of lightweight aluminum alloy with alumilite finish, 
rule measures 534 x 14% x \%-in. when closed and is 
packed in leather pocket case. Three models are 
available: Above-mentioned Master Model, Senior 
model which includes all above features except slide 
rule and Standard model which incorporates all tools 
but depth gage and slide rule. Manufacturer: Dall 
Inc., 720 Washington Ave. S.E., Minneapolis 14, Minn. 


For additional information circle MD 33 on Page 143 














BOs TAB ~ ADJUSTABLE LE PivoT — 
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SLIDE RULE -MASTER MODEL 16" SCALE 

















Portable Electric Tachometer 


Assuring accuracy within 0.5 per cent of full scale 
value in measuring either surface or shaft speeds, 
M1200-F portable electric tachometer and cutmeter 
has range of 0 to 25,000 rpm, or curface speeds from 0 
to 5000 fpm for continuous or intermittent use. Since 
generating and indicating instruments are separate, 
steady readings can be obtained even under adverse 
conditions. Unit makes possible continuous indica- 
tion so that speed changes or variations can be ob- 
served readily. In many applications, indicator ca 
be permanently mounted in convenient remote loca- 
tion. Standard cable connecting generator and indi- 
cator can be lengthened to as much as 500 ft. 

Tachometer is completely self-contained and re 
quires no batteries or other external power source. 
It eonsists of d-c magneto generator that produces 
voltage directly proportional to speed being meas 
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HEE HOW 


Frortusonbl 
REDUCES 
PRODUCTION 





Special Hexagon Head, 
Dished—Toothed Washer 
SEMS-by-SHAKEPROOF 


FASTENING HEADQUARTERS 


TRADE MARK 













Standard Round Head, 
External Washer 


SEMS-by-SHAKEPROOF 





Here’s what SEMS-by-SHAKEPROOF will do for you: elimi- 
nate separate lock washer handling completely . . . pre- 
vent lost lock washers or shortages that cause costly 
delays . . . assure tight, vibration protected fastenings. 
You get maximum vibration protection because each lock 
washer is automatically positioned for greater locking 
power, pulled closer under the screw head for maximum 
locking tooth engagement. 

And, for even greater economies through pre-assem- 
bly, Shakeproof engineers have developed hundreds of 
special SEMS-by-SHAKEPROOF combinations for specific 
applications. The typical example shown at left replaces 
three separate pieces . . . a screw, a lock washer and a 
spanner washer ... and provides a better, more economi- 
cal fastening! Send for your free SEMS-by-SHAKEPROOF 
sample kit today ! See how these modern, pre-assembled 
fastener units will reduce your production costs! 


SHAKEPROOF inc., Division of Illinois Tool Works, 2501 
North Keeler Avenue, Chicago 339, Illinois. In Canada: 
Canada Illinois Tools, Ltd., Toronto, Ontario. 


SEMS 


-/y-SHAKEPROOF 








q ENGINEERING DEPARTMENT 





QUIPMENT 


calibrated in conjunction with easily-read labora- 
tory type indicator having four overlapping speed 
ranges. Two styles of driving points, extension shaft 
and cutmeter wheel assure easy application of in- 
strument to practically any type of rotating equip- 
ment. Entire assembly is housed in quartered oak 
carrying case. Manufacturer: Electric Tachometer 
Corp., 2218 Vine St., Philadelphia 3, Pa. 


For additional information circle MD 34 on Page 143 


Reproduction Machine 


Capable of producing up to 10,000 sq ft of prints 
during ordinary working day, Model 50 Whiteprinter 
machine reproduces anything drawn, typed, printed 
or written. Prints are delivered flat and dry, neatly 
stacked in convenient receiving tray on front of ma- 





chine. Prints ranging from postcard size to 42 in. 
wide by any length can be produced on sensitized 
paper, film or cloth furnished in form of cut sheets 
or roll stock. In addition to usual black lines on white 
background, machine can produce prints in 20 com- 
binations of colored lines and tinted paper to make 
possible color keying. Machine requires no plumbing 
connections or ventilation ducts and is odorless in 
operation. Manufacturer: Charles Bruning Co., 4754 
W. Montrose Ave., Chicago 41, II. 


For additional information circle MD 35 on Page 143 





Electronic Standard Cell 


Available for any 
specified output from 
0 to 100-volts d-c and 
for any load up to 30 
ma, this standard 
electronic cell is us- 
able for instrumenta- 
tion requiring § ac- 
curate and highly 
stable voltage. Out- 
put voltage is con- 
stant to better than 
0.1 per cent and with ripple less than 0.01 per cent, 
throughout input range of 75 to 135 volts a-c at fre- 
quencies from 50 to 400 cps. Cell can be used over 
wide temperature range, is not subject to freezing and 
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is not damaged by momentary short circuits. It cap 
be used either as reference voltage in bridge or po. 
tentiometer circuits or for supplying current contip. 
uously as instrument power supply. Cells designed 
on same circuit principles for output voltages :bove 
100 volts, d-c, for operation on other input voltages 
higher current drains, or with nonstandard chassis 
construction are available on special order. Manufae. 
turer: Hastings Instrument Co., Box 1275, Hampton, 
Va. 


For additional information circle MD 36 on Page 143 


Diazotype Paper and Cloth 


Plastic surfaced intermediate Tecnilith papers and 
Tecnicloth cloths are available in both sepia-line and 
black-line formulations for use on whitprint machines, 
Printed in reverse from original tracing, Tecnilith 
prints are said to produce better blue or black-line 
prints than those produced from original tracing at 
equally fast speeds. Image will not bleed, offset on 
other prints or become brittle or yellow with age. 
Plastic surface protects paper from dirt; but in event 
of soilage, it can be cleaned with soap eraser or 
moistened cloth. Print closely resembles photgraphic 
reproduction and can be corrected easily if desired. 
Having highly transparent finely woven tracing cloth 
base, Tecnicloth is durable. Manufacturer: Tecnifax 
Corp., Holyoke, Mass. 


For additional information circle MD 37 on Page 143 





High-Vacuum Gage 


Calibrated in millimeters, with lowest scale di- 
vision of 10 microns, this McLeod type high-vacuum 
gage has working range of 0.05 to 50 mm. It per- 
forms well in applications subject to contamination 












during operation. Portable unit weighs 6% |b, with 
overall dimensions of 74 x 11% x 4% in. Gage 5 
housed in plastic case and is furnished complete with 
1 lb of mercury. Manufacturer: F. J. Stokes Ma 
chine Co., £900 Tabor Rd., Philadelphia 20, Pa. 


For additional information circle MD 38 on Page 143 
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ee ROTARY 
Peco SEALS 


give Copeland Condensing Units CerZacutyin Sealing! 


Copeland’s slogan is ‘Dependable Electric Refrigeration” —and 
they back it up with painstaking attention to every part that 








i goes into the many models in their extensive line. They can’t 
an take chances on Seal failure—and with Rotary Seals they have 
PRINCIPLE the assurance of expert engineering, careful manufacture, and 


. ry 7. a record of proven sealing performance in many fields. Those 
is the original approach to , , , . 
@ practical solution of « wni- factors add up to Certainty in Sealing for trouble-free, day-in- 


versally troublesome prob- and-day-out satisfaction in the use of equipment, even under 


lem. Our booklet “SEALING h rye 
WITH CERTAINTY” explains the hardest conditions. 


and illustrates the principle. 
We're glad to send it to you The particular Seals used in Copeland compressors are special 


a oe adaptations of the basic Rotary Seal principle, developed to fit 
the particular requirements. Our engineers can help to provide 

the right answer for your sealing problem, whatever 

your field. For best results and greatest economy, 

mechanical call us in on the job early. The variety of our ex- 
seals perience with successful applications of Rotary Seals 

often indicates the simplest design approach. 
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PRONOUNCED "“MACK-IT”’ 


Mac-it %” x 24%” Hollow Set 
Screws have grip of more than 
17,000 pounds. 





BETTER, FASTER SERVICE 
WITH THIS 
COMPLETE MAC-IT LINE! 


Because many standard types of Mac-its are 
stocked throughout the country for quick 
dy: 5 delivery, and because specials can be engi- 

; neered to your own specifications, you’ll find 

it pays to investigate Mac-its first. 

vioamt Mac-it’s 35 years’ experience in the manu- 
ae | facture of heat-treated, alloy steel screws is 
S your assurance of precision, uniformity and he 
a. 


ope tributors from coast to coast and in Canada. 
rt Write for new catalog today! 


Other Mac-it products include: 


Socket Screw Keys 
Square Head Set Screws 


a4 Hollow Lock Screws 

Bel Socket Head Cap Screws 
Hollow Pipe Plugs 

a Stripper Bolts 
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strength. Sold through leading industrial dis- 7 


Hexagon Head Cap Screws Me 
++. and many others A 





OF MACHINES 


Appointment of George F. Noltein as director of 
research of its Superior Engine Division, Spring- 
field, Ohio has been announced by The National Sup- 
ply Co., Pittsburgh. At the same time announcement 
was made of the appointment of Harvey W. Han- 
ners to succeed Mr. Noltein as chief engineer. Mr. 
Noltein, who has a long and successful record as an 
engineer and designer in the diesel engine field both 
in Europe and the United States, joined National 
Supply’s Superior Engine Division in 1927 and has 





Harvey W. Hanners 


George F. Noltein 


been chief engineer since 1937. He received his engi- 
neering education in Germany and Russia, graduat- 
ing from the Institute of Technology, Danzig, and 
the Moscow Institute of Technology. Mr. Hanners, 
who has been associated with Superior Engine Divi- 
sion since 1941 and assistant to the chief engineer 
for the past two years, graduated from the University 
of Wisconsin and has specialized in the manufacture 
and development of both diesel and gas engines. 


e 


Announcement has been made of the appointment 
of Waldemar Naujoks as special projects engineer of 
Ladish Co., Cudahy, Wis. 


. 


F. H. Boor has joined the engineering staff of the 
Wisconsin Axle Division of the Timken-Detroit Axle 
Co., Detroit. Formerly in charge of the engineering 
department of the Fairchild Mfg. Co., Mr. Boor has 
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PINDLE precision is assured in 

the Bullard-Universal Horizontal 
Boring Machine by using Timken® 
tapered roller bearings on the 
spindle. And Timken bearings in 
the drive mechanism keep shafts 
turning and gears meshing smooth- 
ly under all operating conditions. 


Timken bearings hold spindles 
in positive alignment under the 
heaviest loads. Bearings are accu- 
rately preloaded to predetermined 
engineering limits. The tapered con- 
struction of Timken bearings car- 


“ 


i] 
3-INCH Bor 
NIVERSAL “ 
wT te bearings assu 
us 


accuracy: 


‘pindle sleeve 


ries radial and thrust loads in any 
combination, eliminating end-play. 


Line contact between the rolls 
and races of Timken bearings pro- 
vides maximum load carrying 
capacity. The rolls and races are 
made from Timken fine alloy stee! 
for toughness—then case-hardened 
to provide wear-resistant surfaces. 
Because Timken bearings are man- 
ufactured to extreme precision and 
finished to almost incredible 
smoothness, friction virtually is 
eliminated. 








Remember, no other bearing can 
bring you ail the advantages you 
get with Timken tapered roller 
bearings. Whether you build ma- 
chine tools or buy them, always 
be sure they’re Timken bearing 
equipped. Look for the trade-mark 
“Timken” on the bearings. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Cable address: 
“TIMROSCO”. 


This symbol on a product means 
its bearings are the best. 

























FINISHED TO CLOSER 
TOLERANCES 


Finishing to incredible smooth- 
ness accounts for much of the 
precise, smooth rolling perform- 
ance of Timken bearings. This 
honing operation is typical of 
the amazingly accurate manufac- 
turing methods at Timken. 


The Timken Company is the 
acknowledged leader in: 1. 
advanced design; 2. precision 
manufacturing; 3. rigid quality 
control; 4. special onalvele steels. 














! 
; 


NOT JUST A ROLLER - —° THE TIMKEN TAPERED ROLLER “— BEARING TAKES RADIAL () AND THRUST —-G)— LOADS OR ANY COMBINATION -4 - 


NOT JUST A BALL 
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You Can Depend on PITTSBURGH 
to Solve Your Brush Problems 


We have brushes of all types in the complete Pittsburgh line 
which should comply with your specific needs . . . whether 
you’re in glass, steel or plastics . . . in paper, tires, shoes or 
automobiles . . . because there’s a Pittsburgh brush for every 
industrial use. 





But if you have special problems, our staff of skilled brush 
engineers will be glad to design and build any type of power- 
driven brush to meet your particular specifications. What’s 
more, they’ll do it quickly, efficiently and economically. 


Write or telephone PITTSBURGH PLATE GLASS COMPANY, 
Brush Division, Dept. W-1, 3221 Frederick Avenue, Balti- 
more 29, Md., for information ... or tell us what your problem 
is, and let one of our engineers solve it for you. No obligation. 


PITTSBURGH 


Buc Univer 





BRUSHES « PAINT « GLASS » CHEMICALS « PLASTICS 








PITTSBURGH PLATE GLASS COMPANY 


G 


had extensive experience in the design of gears and 
differentials used in farm equipment, trucks and 


power shovels. 
oJ 


E. J. de Ridder recently joined the staff of tech- 
nical service engineers at Reynolds Metals Co., Louis- 
ville, Ky. He was connected with I. G. Farben Light- 
metal Division from 1926 to 1945. 


J. Packard Laird is now research engineer with 
E. I. Du Pont de Nemours & Co. Engineering Re- 
search Laboratory Experimental Station, Wilmington, 
Del. Mr. Laird, who was formerly associated with 
Buehler & Co., has been a contributor to MACHINE 
DESIGN, his latest article appearing in the April, 
1949 issue. 











° 


Marvin W. Smith, president of the Baldwin Loco- 
motive Works, Philadelphia, has been elected a dir- 
ector of the Westinghouse Electric Corp., Pittsburgh. 














e 











The election of Leyshon W. Townsend as vice pres- 
ident of American Cladmetals Co., Carnegie, Pa., has 
been announced. In his new post Mr. Townsend will 
be in charge of manufacturing, engineering and prod- 
uct development. 







” 























Ludger E. La Brie has been appointed chief en- 
gineer of the Warner Aircraft Corp., Detroit. He 
had been chief engineer of the Lockheed Division of 
the Hydraulic Brake Co., a subsidiary of Bendix 
Aviation Corp. In his new position Mr. La Brie will 
supervise the engineering and development of air- 
craft hydraulic controls. 





¢ 


Roger S. Warner has joined the staff of Arthur D. 
Little Inc., Cambridge, Mass., following his resigna- 
tion as director of engineering for the Atomic Energy 


Commission. 
e 


Wu Wai Chao has been appointed to the staff of 
the Polytechnic Institute of Brooklyn to expand its 
graduate offerings in the newest developments in 
thermodynamics and the mechanics of fluids. A 
graduate of Tung-Chi National University of China, 
Dr. Chao spent the last four years at the Massachu- 
setts Institute of Technology where he earned his 
master’s and doctor’s degrees. 





7 


| 


| Recently appointed to head the hydraulic depart- 


ment of Holyoke Machine Co., Holyoke, Mass. is 
L. H. Perry, who was formerly with James Leffel 
& Co. as mechanical engineer designing hydraulic 
turbines for both government and private powe 
plants. Prior to that, Mr. Perry was with Charles 
T. Main, Engineers, of Boston, supervising the de- 
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Wite Tor 


Bulletin 49-55 


This new bulletin has 28 pages of 
useful hydraulic cylinder informa- 
tion such as installation data, de- 
sign features, technical data, efc. 


Vickers now offers a very extensive line of oil hydraulic 
cylinders . . . cylinders that have important improvements. 
Vickers Cylinders are of modern design... as advanced as 
the Vickers Pumps and Controls with which they will be 


ICKERS$ Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 OAKMAN BLVD. e DETROIT 32, MICH. 








ENGINEERS AND BUILDERS OF 


OlL 


used to provide better hydraulic systems. There are 
12 standard bore sizes ranging from 1” to 8”, and 12 
standard mountings with innumerable combinations. For 
complete information, ask for Bulletin 49-55. 


Application Engineering Offices: ATLANTA © CHICAGO © CINCINNATI 
CLEVELAND @ DETROIT @ HOUSTON © LOS ANGELES (Metropolitan) ® MILWAUKEE 
NEW YORK (Metropolitan) © PHILADELPHIA © PITTSBURGH © ROCHESTER 
ROCKFORD © ST. LOUIS © SEATTLE® TULSA © WASHINGTON © WORCESTER 


HYDRAULIC EQUIPMENT SINCE 1921 




















IF you have a relay problem 
requiring low cost, small size 
and dependable performance... 





...take a look at R-B-M General 
Purpose AC and DC Relays 


WRITE FOR BULLETIN AND PRICE LIST 


R-B-M DIVISION OF ESSEX WIRE CORP. 
Logansport, Indiana 


Dept. B-1, 


COMMUNICATION AND ELE 











APPROX. 
1/3 SIZE 


WHERE § SPACE iS A FACTOR 
and Accessibility a Must— 
USE R-B-M INDUSTRIAL CONTACTORS 


R-B-M Industrial Contactors, with interchangeable nor- 
mally open and normally closed contacts, can be mounted 
in minimum space without sacrificing accessibiiity. You 
will also find that the initial low cost of R-B-M, plus long 
and dependable performance, will save you money. 

Available in 10 and 15 ampere sizes, 600 volt A.C., 2 to 
8 pole non-reversing—2 to 4 pole reversing. Open and 
enclosed types. Write for Bulletin and Price List on your 
company letterhead. 





Dept. B-1, R-B-M DIVISION OF ESSEX WIRE CORP. 
Logansport, Indiana _ 
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sign of hydraulic and mechanical equipment for gov. 
ernment power plants. He was also for a number of 
years hydraulic engineer in charge of the water whee] 
department of Rodney Hunt Machine Co. 


+ 


Rudolph A. Goepfrich has been appointed chief en. 
gineer of the automotive brake department, Bendix 
Products Div., Bendix Aviation Corp., South Bend, 
Ind. Clark R. Lupton succeeds Mr. Goepfrich as 
assistant chief engineer. 


+ 


Several changes have been announced in the ex. 
ecutive staff of the B. F. Goodrich Co. engineering 
division. H. E. Cook, chief engineer for many years, 
has been assigned to major engineering problems in- 
cluding direction of design and construction. Frank 
Brown has been appointed plant engineer of all Akron 
plants, George Murphy to the same post at Plant 4 
and Clifford R. Augden has been named superintend- 
ent of shops. 


7 


Appointment of F. B. Law as manager of manv- 
facturing of the Aeronautic and Ordnance Systems 
Division of General Electric Co. has been announced. 
A mechanical engineering graduate of George School 
of Technology Mr. Law, who has been with the com- 
pany since 1926, succeeds Frank T. Lewis. 





Investment Casting 


(Concluded from Page 99) 


and it is not always possible to maintain long, thin 
sections perfectly straight. Large areas are not al- 
ways possible to cast free from imperfections. Areas 
which must be free from defects should be so marked. 
Cost of parts is affected directly by the degree to 
which minor imperfections are permissible. Surface 
roughness generally can be held to 70 to 80 micro- 
inches, rms, without added expense. With plastic 
patterns surfaces with roughness from 10 to 20 micro- 
inches, rms, have been produced. 

Angular accuracy is often difficult to hold but, as 
a rule, a tolerance on angles of plus or minus 
degree can be held. It is practical, however, on some 
parts to hold this to plus or minus 14-degree, Fig. 16. 
With precision steel pattern molds, gears with plus 
or minus 0.001-inch on tooth dimensions and plus oF 
minus 10 minutes angular tolerance have been made. | 


Collaboration of the following organizations in the 
preparation of this article is acknowledged with much 


appreciation: 


Allis-Chalmers Mfg. Co. (Figs. 7, 8)... . .Milwaukee, Wis. 
Arwood Precision oe Corp. (Figs. 9, 10). 

aged a Brooklyn, N. ¥. 
Haynes Stellite Co. (Figs. 6, 13, 14, ‘15, and 16). 
New York, N. ¥. 
Illinois Precise Casting Co. (Fig. 2) ........ Chicago, Il. 
International Nickel Co. Inc. (Figs. 3, 4, 5, 11, and 12) 
New York, N. Y. 


Jelrus Co. ‘Inc., , © Me | gage New York, N. Y. 
Microcast Div., Austenal Laboratories Inc...Chicago, I 
Precision Metalsmiths pn at: Cleveland, Ohio 
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You can make them better with 
COLD-FINISHED 


J&LJALCASE 


The original 
Free Machining Cold-Finished 
OPEN HEARTH STEEL 








J&L 
oTEEL 


IF YOU WANT 
GOOD 


|... machinability 
" ... heat treating 
properties 
... high cold-drawn 
physical properties 
SAY 








* Available in a range of grades to suit a wide 
variety of applications. 

% Supplied as cold-drawn or cold-drawn-with- 
metallurgical-processing, which includes special 
tempering. 


Typical Jalcase analyses are found in the A.I.S.I. 1100 
series. The usual manganese content is 1.00% to 1.65%. 
J&L, as the originator of these grades, can give you the 
benefit of years of know-how in the making of steel and the 
application of Jalcase to your particular requirements. 
Some part you are now making can be made better 
from Jalcase with savings in money and time. Write 
us for a copy of “You Can Make Them Better With Janes & Laughlin Steel Corporation 
Cold-Finished Jalcase.” 410 Jones & Laughlin Building 
Pittsburgh 30, Pennsylvania 


JALCASE STEEL IS QUALITY CONTROLLED FROM Please send me a copy of your booklet, 


OUR OWN MINES THROUGH THE FINISHED PRODUCT. “You Can Make Them Better With 
Cold-Finished Jalcase.” 


JONES & LAUGHLINSTEELCORPORATION | “= 


From its own raw materials, PRINCIPAL PRODUCTS: HOT ROLLED AND 
J&L manufactures a full li f . COLD FINISHED ADDRESS 
see tee rose rabi pein + 4 BARS AND SHAPES « STRUCTURAL SHAPES « HOT AND COLD 


certain products in oriscocoy ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 
and JALLOY (hi-tensile steels). PRODUCTS «+ “‘PRECISIONBILT’’ WIRE ROPE »* COAL CHEMICALS 
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Cambridge wire Betts 


Combine Movement with Processing 
Through Fire or Water 


Cambridge Wire Belts shrug off extremes of temperatures, 
corrosive agents, torsion, strain and wear. They hustle rough, 
bulky objects through the most rigorous treating processes, or 
convey delicate products with maximum safety. 

Tempering, quenching, washing, baking, sizing, sorting, packag- 
ing, glazing; throughout industry, Cambridge Wire Belts are 
working at nearly every bulk material processing job. Each of 
these Cambridge Belts is fabricated in the proper mesh, weave, 
metal or alloy to do the job better, faster, safer and more 
economically. » » Let a Cambridge Field Engineer help you secure 
these advantages for your operation. 





A Cambridge ‘'Gratex'’ Wire Belt conveying baby food jars toa W. F. & 
John Barnes Junior Hydro-Magnetic Crate Loader and Unloader. This 
closely-woven, smooth-as-glass Cambridge Belt permits the small-bottomed 
jors to be shuffled about without tripping or tipping. ‘‘Gratex’”’ is also an 
ideal belt for medium temperature use where close weave js desirable, such 
as in baking crackers. 

Write for FREE copy of the 130-page, 

illustrated Cambridge Wire Belt Catalog. 

it's an education in belt and conveyor design, 

application, installation and operation. 


Department N-1 
Cambridge 1, Md. 
CITIES 
Directory 
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OF MANUFACTURERS 


The Porter-Cable Machine Co., Syracuse, N. Y,, 
manufacturer of Speedmatic and Guild portable elec. 
tric tools, has purchased the manufacturing rights and 
facilities of the Sterling Electric Tool Products Co,, 
Chicago, Ill., for the production of the Sterling por- 
able electric and pneumatic sanders. The inventory, 
tools and production facilities which have been pur. 
chased will be moved to Syracuse, where the manu- 
facture of Sterling products will be resumed. 


¢ 


Purchase of all outstanding stock of Electrical Re- 
actance Co., manufacturer of radio capacitors and re- 
sistors, by Aerovox, New Bedford, Mass., manufac- 
turer of electrical and radio-electronic test instru- 
ments, etc., has been announced. Electrica! Reactance 
plants at Franklinville, N. Y., Jessup, Pa., and Myrtle 
Beach, S. C., will be operated as a wholly-owned sub- 
sidiary. 


Miehle Printing Press and Mfg. Co., Chicago, IIL, 
manufacturer of printing presses, has purchased the 
capital stock of Star Electric Motor Co., Bloomfield, 
N. J., manufacturer of electric motors and generators. 
The present management will undergo no changes for 
the present and will assume, in addition, the manage- 
ment of the Kimble Electrical Division of Miehle lo- 
cated at Burlington, Iowa. 


¢ 


Whitney Chain & Manufacturing Co., Division of 
Whitney Hanson Industries Inc., has moved to new 
and larger headquarters at 3317-25 W. Newport Ave., 
Chicago, Ill. The Whitney division manufactures 4 
complete range of roller, silent and conveyor chains, 
couplings and sprockets. 


« 


Pacific Airmotive Corp., Burbank, Calif., and Strates 
Corp., Farmingdale, Long Island, a wholly-owned sub- 
sidiary of the Fairchild Engine and Airplane Corp. 
have announced an agreement whereby aircraft man- 
ufacturers will be able to obtain a fully coordinated 
pressurization and air conditioning installation for 
military and commercial aircraft. The equipment is 
adaptable to both propeller and jet aircraft. 


. 


The Cleveland Graphite Bronze Co. has formed 4 
Canadian subsidiary, Clevite Ltd. which has purchased 
a factory at St. Thomas, Ontario, and will begin pro 
duction of sleeve type automotive bearings early in 


1950. 
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ELECTRIC WELDED TUBING 


Now you can cut production costs, improve product 
quality, and get faster deliveries, by using OSTUCO 
Electric Resistance Welded Steel Tubing, because 
OSTUCO has expanded facilities for doing all three 
tubing operations — manufacturing, shaping, and 
fabricating. ® 

OSTUCO procures the raw materials . . . produces 
Carbon Mechanical Grades of electric welded steel 
tubing in a broad range of sizes and shapes... 
quickly meets your most exacting requirements in 


2 a7 777i 











TOSTAY 
THE OHIO SEAMLESS TUBE COMPANY 


Manufacturers and Fabricators of Seamless and Electric-Welded Steel Tubing 


Plant and General Offices: SHELBY 5 OHIO 


Sales Offices: CHICAGO, Civic Opera Bidg., 20 North Wocker Dr. 
CLEVELAND, 1328 Citizens Bidg. * DAYTON, 511 Salem Ave. * DE- 
TROIT, 2857 E. Grand Blvd. * HOUSTON, 6833 Avenue W. Central 
Park * LOS ANGELES, Suite 300-170 So. Beverly Drive, Beverly Hills 
MOLINE, 617 15th St. © NEW YORK, 70 East 45th St. © PHILADEL- 
PHIA, 1413 Packard Bidg., 15th & Chestnut * ST. LOUIS, 1230 North 
Main St. © SEATTLE, 3104 Smith Tower * SYRACUSE, 501 Roberts 
Ave. CANADIAN REPRESENTATIVE: Railway & Power Corp., Ltd., NEW 
GLASGOW, MONTREAL, NORANDA, NORTH BAY, TORONTO, HAMIL- 
TON, WINDSOR, WINNIPEG, EDMONTON, VANCOUVER 
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all types of fabricating operations. We are also 
in a position to supply the tubes painted or plated. 

OSTUCO's single source operation eliminates un- 
necessary freight charges. Unified control of produc- 
tion assures highest quality. Speedy shipments en- 
able you to operate with lower inventories. Prompt 
engineering assistance and job quotations without 
obligation. Write direct or to our nearest Sales Of- 
fice for new free booklet ‘“OSTUCO Electric Resist- 
ance Welded Steel Tubing.” 


OSTUCO TUBING 
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the First 
Self-Locking 
Set Screw 

that locks by 


INTERFERENCE FIT 
Plus 


TENSION 


ZIP-GRIP LOCKING ACTION 
WORKS THREE WAYS: 


1— Interference Fit created 
by the larger pitch diameter of the 
locking thread section. 

2—Tension resulting. from 
lifting action. 

3—Regular set screw lock- 
‘s,) ing action against the shaft or 

§ other part. 
Also the first set screw to lock 
without any supplementary 
devices or deformed threads. 





LICK VIBRATION AND LOCK 
INSTANTLY, ANY GIVEN PLACE 


You can n w ed wasteful “creeping” 

vibration applications, with zip-Grip Self 
Locking Set Screws. Once ZIP-GRIP is set 
or locked it is vibration-proof.-This 
greater, longer-lasting holding power is 
rololecbelcre Mua iaelelthamatestsencailtatet ae lolol an oli hace 
wires, impinging locking screws, deform 
ed or riveted threads, thus eliminating 
damage to the tap hole or shaft. zIp-GRIP 
also reduces production costs; no closer 
fit than Class 2 required, thus permitting 
a saving on every tapping operation 

SEND FOR NEW DATA SHEET~— including 
reC-pa:bltcte els repabelaleyeMrbetemctejeletertatess met: ta: 
Test sample available without cost or 
obligation. Send us blue prints of your 
present set.screw applications and ful] 
description of your requirements. Also 


ask for our complete Set Screw Catalog. 


et SETKO 


crevy 
& DA fg. Co. 


; Main St., Bartlett, Ill. 








eo] ize in Sol 


I i 
Sinliliet Sevew Probieras 4015 


ALL TYPE HEADS: Hexagon or Fluted Socket; Hexagon, 
Square, Slotted or Slabbed Head. AVAILABLE IN ALL 
METALS, Steel, Soft or Hard—Case Hardened or Heat 
Treated; also Stainless Steel; Brass; Bronze; Aluminum. 
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Hydraulic Oil 


(Continued from Page 86) 


ated clay types are not required because the oxida- 
tion inhibitor prevents formation of acidic materials 
requiring removal. On the other hand, clay filters 
remove the inhibitors and thus have detrimental in- 
stead of beneficial effects on such oils. 


BREATHERS OR VENTS: Reservoirs are frequently 
open to the atmosphere, even in unusually dirty loca- 
tions, permitting entry of dust or dirt. In addition to 
accelerating oxidation this contributes to excessive 
wear, particularly where the dirt is of a gritty and 
abrasive nature. Air filters should be provided to 
minimize such potentially destructive contamination. 


Covers: Tightly fitted, gasketed covers are ob- 
viously essential to keeping the system clean. 


DRAINAGE PROVISIONS: Reservoir drain plugs should 
be at the lowest point, making it possible to drain 
the tank completely and obviating pumping, dipping 
and mopping in order to remove all oil. 


SOLUBLE-OIL CONTAMINATION: This continues to 
be a serious problem in many machines. This type 
of contamination is usually easy to detect since the 
hydraulic oil first becomes cloudy, then milky in ap- 
pearance. However, soluble-oil contamination is not 
always so obvious. A typical instance, which follows, 
is illustrative of the persistence sometimes required 
to trace the source of hydraulic-oil contamination. 





| Investigate Design Before Condemning Oil 


Samples of oil from certain types of well-designed 
/machines showed much more rapid increase in neutra- 
lization number than those from other machines in 
‘the plant. However, there was no cloudiness or 
water content to indicate the presence of soluble 
| oil. A check of the hydraulic-oil reservoir indicated 
that there was no possibility of contamination by 
| drip onto the cover. 
| Further investigation revealed that the hydraulic- 
_pump drive chain dragged along the cover of the 
‘soluble-oil sump, and when the soluble oil overflowed 
onto this cover the emulsion was carried by the chain 
and splashed against the pump shaft and, apparently, 
| the centrifuging and impingement forces separated 
out the oil from the water. The particular type of 
soluble oil used had unusual wetting and penetrating 
‘properties. It was deduced that it crept along the 
pump drive shaft and so entered the hydraulic pump 
chamber. Steps were taken to prevent flooding of 
‘the soluble-oil sump cover and also to prevent the 
chain from dragging. After these measures were 
taken the hydraulic oil showed no further abnormal 
increase in neutralization number. 

This instance is covered in detail for two reasons. 
| First, because it indicates the amount of thought 
‘required on the part of designers to prevent con- 
| tamination of hydraulic oils; second, because it de- 
monstrates the fallacy of thoughtless condemnation 
of oils on the basis of isolated cases of trouble with- 
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ials 
= {( DIRT EXCLUDERS FOR HYDRAULIC & PNEUMATIC ACT 
i || ICES 
itl , — , 
4 Truck hoists and hydraulic lifts of all kinds usually must perform 
ie under extreme operating and surrounding conditions. Piston 
ren shafts sometimes become caked with heavy abrasives; fine dust, 
a muck and dirt are common. Shafts are many times subject to 
to angular thrusts which cause considerable movement off center 
ion. Ly) (Fig. 1). These conditions can result in the entry of copious 
ob- | | quantities of extraneous matter into the cylinder causing exces- 
sive wear or failure of pressure seals whether of “O” ring or . 
ki ] d Fig. 2. National 340,000 Series springless 
wuld pac ing & an type. type seal. A good design for use in hydraulic 
° or pneumatic actuators 
‘ain 
ing 
to ) 
ype 
the 
ap- 
not 
mm |KO 
red 
Fig. 3. Combination National Syntech Seal 
with bronze scraper ring 
| cations. National can also supply 
ad -@ “O” rings and back up rings as 
n ° 
tra- Fig. 1. Typical section of hydraulic actuated mechanism showing use of National Seal as shown (Fig. 1) to meet the most 
, dust excluder—note “O” rings and back-up rings. rigid specifications in a complete 
dows range of sizes. Your inquiry will 
he Rugged, yet flexible, Syntech* oil cations of this kind where leather receive prompt attention. 
ne seals of the type illustrated (Fig. 2) type seals and other devices have 
’ provide excellent protection for failed. The Syntech* rubber is flex- 
y such equipment. These seals act as_ ible enough to follow the shaft 
; i) a wiper on the reciprocating shaft eccentricities, yet sturdy enough to | AT ONA 
lic- to clear away extraneous abrasive keep from buckling under as the 
the matter. Where ice or heavy caking shaft moves back and forth, even DIL AND FLUID SEALS 
wed Ee of dirt is encountered a combina- under extreme shaft eccentricities. 
ain tion of bronze ring scraper and a ® 
, . ; 7 
tly, Syntech* seal (Fig. 3) can be em- National rags Seals in — NATIONAL MOTOR 
ited ployed—the bronze scraper to break yn _— F ray arg : . 
> of =0) up and remove the heavy cake aed eo aes eee ee # BEARING CO., INC. 
Ling and the oil seal to clean the shaft. C™MUMC OF pneumatic actuators O ; 
the } x) all types and sizes. However, leather General Offices: Redwood City, Calif. 
imp These National Syntech* Seals have or other sealing member materials Plants: Redwood City and Los Angeles, 
- of <) been extremely successful in appli- are supplied in a few special appli- Calif.; Van Wert, Ohio 
the * Trade Mark Registered 
rere | X) ten 
al 
- CALL IN A NATIONAL ENGINEER FOR RECOMMENDATIONS 
BUFFALO: 56 Arlington Place, Grant 2280. MILWAUKEE: 647 West Virginia St., Marquette 8-8986. 
ons. CHICAGO: Room 2014 Field Building, Central 6-8663. NEW YORK CITY: 122 East 42nd Street, Lexington 2-8260. 
CLEVELAND: 210 Heights Rockefeller Bldg., Yellowstone 2720. PHILADELPHIA: 401 North Broad Street, Bell-Walnut 2-6997. 
ght DALLAS: 301/, Highland Park Village, Justin 8-8453. REDWOOD CITY, CALIF.: Broadway and National, Emerson 6-3861. 
DETROIT: Room 1026 Fisher Building, Trinity 1-6363. WEST SPRINGFIELD, MASS.: 1025 Elm Street, Springfield 2-1881. 
20n- HOUSTON: 6731 Harrisburg Boulevard, Wayside 3-1246. EAST SYRACUSE, N. Y.: 226 Roby Avenue, East Syracuse 366. 
de- LOS ANGELES: 2244 East 37th Street, Kimball 6384. WICHITA: 340 North St. Francis Ave., Wichita 2-6971. 
tion 
ith- 
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with STEEL — the small 
extra first cost of test samples 
pays off in assurance of effic- 
iency and durability of the 
finished product. 

















with TRACING CLOTH ... 


The small extra first cost of Arkwright 
Tracing Cloth, over that of tracing 
paper, repays many times over in the 
efficiency and durability of valuable 
drawings. 


Your investment in Arkwright Tracing Cloth is a 
trifling sum, compared to its returns in drawings kept 
permanently sharp and repeatedly useful! 


Foresighted drafting departments regularly specify 
fine-woven, expertly bonded Arkwright, rather than 
perishable tracing paper, for every drawing worth 
keeping for possible future use. 


Read the Big Six Reasons why Arkwright Tracing 
Cloth eases work, improves jobs, resists wear and 
time. Then send for generous samples and prove this 
superiority on your drawing board. Sold by leading 
drawing material dealers everywhere. Arkwright 
Finishing Company, Providence, R. I. 


The Big Six Reasons Why 
Arkwright Tracing Cloths Excel 
Erasures re-ink without feathering. 
. Prints are always sharp and clean. 
. Tracings never discolor or go brittle. 
. No surface oils, soaps or waxes to dry out. 
. No pinholes or thick threads. 


Covbpon = 


. Mechanical processing creates permanent 
transparency. 


ARKWRIGHT 
TRACING CLOTHS 


AMERICA’S STANDARD FOR OVER 25 YEARS | 
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out thorough investigation to determine the true 
cause of apparent oil failure. 


NONSOLUBLE CUTTING-OIL CONTAMINATION: Con- 
tamination by nonsoluble cutting oils is another | .j 
common problem. It is particularly bad because 
corrosive components of such oils may cause severe 
corrosion of system parts, while fatty components, 
seriously impair resistance to oxidation. 





Effective Sealing Imperative 


Intermingling of cutting oils with lubricating and 
hydraulic oils is most difficult to control on multi- 
ple-spindle automatics. It is sometimes desirable to 
use dual- or triple-purpose oils in such cases. How- 
ever, such oils must, of necessity, involve a compro- 
mise between chemical stability, demulsibility and 
nonfoaming characteristics on the one hand and tool 
protection and satisfactory work finish on the other. 
Something must be sacrificed as to ability to meet 
either set of requirements and this attempt at solu- 
tion remains, at best, merely an enforced compromise. 
The correct solution—complete and continued sepa- 
ration of the fluids by effective sealing. 





HOSE, PAINT, AND GASKETING MATERIALS: Some 
deposits in hydraulic systems that are charged to oil 
oxidation are often actually due to deterioration of 
hoses, or to improper kinds or careless use of paints 
or gasketing materials, causing particles of these 
substances to be picked up by the oil. All such ma- 
terials must have properties of known suitability and 
must be carefully applied to insure against contamina- 
tion of the oil. 





GREASE: Where grease is used to lubricate pump 
bearings, it sometimes leaks into the pumps. and con- 
taminates the hydraulic oil. To prevent this the 
bearings must be properly sealed and grease of proper 
consistency and stability must be used. The frequency 
of application and amount of grease used should be @ 
carefully determined to fit the operating conditions. 


AIR IN THE SYSTEM: The various means by which 
air is introduced into hydraulic systems and the ad- 
verse effects of air have been mentioned. To prevent 
introduction of air effective shaft and rod seals must 
be provided and properly maintained, oil return lines 
should be submerged, connections in suction lines must 
be airtight, and the pump suction should be close 
to the bottom of the reservoir to insure as complete 
submersion as possible. Automatic bleeders should 
be provided to facilitate elimination of air that enters 
the system in spite of precautions. 


VIBRATION: Air leaks into hydraulic systems and 
oil leaks from them frequently develop due to loosen [ 
ing of line connections because of vibration. Where 
this is severe, flexible connections are required. 
On some large, high-pressure systems, welding has 
been used to ensure freedom from leakage due to 
loosening of connections by vibration. 

The foregoing observations and suggestions may § 
be of some help to designers and builders in makisg fr 
hydraulic systems more efficient, reliable and ecO if 
nomical. bos 
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industry, Townsend cold-headed parts and fasteners 
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COMPANY — ESTABLISH 


New Brighton, Pa. 
Chicago 38, Ill. 








MOUNTING 
MOUNTING 
WIDTH 
WIDTH 
OF MOST 
OF 
‘‘AVERAGE,’ 
MILLER 
CIRCULAR 
‘*SQUARE . 
DESIGNED 
DESIGN'’’ 
CYLINDERS 


{ 


e SOLID STEEL HEADS, CAPS, MOUNTINGS. 
Eliminate breakage. 


e HARD CHROME PLATED PISTON RODS. Resist 
nicks, scoring. 
e DIRT WIPER SEALS. Keep out abrasive dirt. 


Miller High Pressure Hydraulic Cylinders meet the ‘J. I. C.” 
Hydraulic Standards, the “quality” standards recently approved 
by the Joint Industry Conference (J. 1. C.) of leading manufac- 
turers and users of hydraulic equipment. 


ee 
Complete Line 


« AIR CYLINDERS 
TVs" te 20’ Bores 


© LOW PRESSURE HYDRAULIC 
CYLINDERS 12” te 16” Beres 


© HIGH PRESSURE HYDRAULIC 
CYLINDERS 11/2” te 12” Bores 


MILLER MOTOR COMPANY 


WE 

Ml ci) \ 
@ CHICAGO 18, ILLINOIS « Nie 

= —_ 


BOOSTERS - AIR HOISTS 





write for 


Miller Air Cylinder Bulletin A-105 and 
Miller Hydraulic Cylinder Bulletin H-104 


4025 N. KEDZIE AVE. 
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COUNTERBALANCE CYLINDERS 





AIR AND HYDRAULIC CYLINDERS 
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What's Wrong 
With Automobile Styling? 


LL of us will agree that the lines 
of an automobile should be 
smooth and flowing, but I believe de. 
signers have over-emphasized _ this 
smooth, flowing principle to a point 
where the cars of today are actually 
soft and mushy. I predict that there 
will be a trend in the future toward 
designs that are more crisp and well 
defined. We have found this to be 
true in the design of other products, 
such as household appliances and 
business machinery. We have found 
that the buying public welcomes 
these crisper, slightly more severe 
shapes, as a relief from the so-called 
streamlined shapes that have been so 
much in vogue for the last ten years. 
Another fact that warrants discus- 
sion is the practice of over-emphasiz- 
ing functional features such as fog 
lights, tail lights, and license-plate 
brackets. Making each of these a 
separate center of interest of high 
importance gives one the impression 
that the car was designed by several 
independent groups of designers, 
working entirely apart. and not 
knowing what the other groups were 
up to and not knowing what the gen- 
eral style and lines of the car were to 
be. As a matter of fact this might 
well have been the case. 

They certainly have simplified the 
problem of louvers today. They mere- 
ly put little, round, chrome-plated 
portholes on the side of the hood. 
I have seen these on so many dif- 
ferent makes of cars that I can't 
recall at the moment who it was that 
first used them. But I will say that 
they look as good on one model 8 
they do on another. 

Chrome plating is most certainly 
a necessity, and if its use is restricted 
to the parts of the automobile for 
which it was originally developed, it 
provides a very interesting accent. 
To be specific, I think we can all 
agree that its hard, tough surface 
belongs on the bumpers and on parts 
of the radiator grille. I think that 
the use of a narrow bead of chrome 
around the windows provides a note 
of refinement, although this is not 
necessarily a functional use. I like 
the use of the single horizontal 
chrome strip that is used on the 
sides of most cars today. Beside* 
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peing @ nice accent that makes the 
cars look longer and lower, these 
strips perform a very definite func- 
tion. Serving as efficient rub rails, 
they protect the body against scratch- 
ing. However, the effect of these 
horizontal strips is usually spoiled by 
the use of the large chrome-plated, 
wing-shaped pads that are placed di- 
rectly below them on both the front 
and rear fenders. I suppose it can be 
argued that the pad on the rear 
fender is needed as a stone shield; 
however, I have noticed that some 
models get along without tnis added 
protection and seem none the worse 
for wear because of the lack of this 
shield and actually look better for it. 

I don’t like the use of long chrome- 
plated fins on the tail lights. I don’t 
think that a wide bank of chrome 
ribs running the length of the hood 
or down the back of the rear deck 
enhances the appearance of a car. I 
don’t like the heavy, superfluous 
chrome escutcheon around the license 
plate and stop lights in the back of 
the car. I think there is a deplor- 
able tendency to deluxe a car by 
merely adding more chrome. 

Generally speaking, I think instru- 
ment boards are inclined to be over- 
done. They are sometimes poorly or- 
ganized and are apt to be confusing 
to the operator. I fully realize the 
sales aid provided by a very dramatic 
instrument board, but I believe a 
more dramatic and interesting effect 
could be achieved by removing some 
of the unnecessary ornamentation and 
concentrating the attention on a few 
of the really important instruments. 
From a paper by Carl W. Sundberg, 
Sundberg-Ferar, presented at the an- 
nual technical convention of The 
American Society of Body Engineers 
Inc. 


Our Waning Fuel Reserves 


UEL reserves in the United States 

are being consumed at an alarm- 
ing rate. If present trends continue, 
indications are that our reserves of 
natural gas and petroleum will be- 
come exhausted before the end of the 
century. Only coal appears to be in 
appreciable supply, with estimated 
reserves sufficient for approximately 
2000 years at existing rates of con- 
sumption. On an equivalent heat 
basis more oil and gas are used per 
year than coal. Consequently, a de- 
Pletion of our fluid fuel reserves 
would materially affect the economy 
of the nation. 

The gas turbine appears to possess 
many attractive potentialities for re- 
lieving this serious situation. In con- 
ventional mining practices much coal 
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J.1.C. HYDRAULIC 
STANDARDS 











Why Experiment? . . . Specify Miller “Time 
Tested and Proven” Cylinders—And Be SURE! 


All Miller Standard High Pressure Hydraulic Cylinders met both the 
mandatory and recommended practices of the “Standards” years ago. 


Some “Standards” specifications, such as dirt protectors, scratch-resistant 
piston rods, etc., are required only under severe conditions. All Miller 
Standard High Pressure Hydraulic Cylinders met these requirements years 
ago. 

The desire for elimination of manual rod seal adjustment is strongly 
voiced at all hydraulic industry conferences. The “time tested and proven” 
Miller Patented Rod Seal is self-adjusting and wear compensating .. . 
requires no manual adjustment. 








Actind ° 


o AIR CYLINDERS 
1/2" te 20” Bores 


© LOW PRESSURE HYDRAULIC 
CYLINDERS 11/2’ to 14” Bores 


e HIGH PRESSURE HYDRAULIC 
CYLINDERS 11/2’ te 12” Bores 


write for 


Miller Air Cylinder Bulletin A-105 and 
Miller Hydraulic Cylinder Bulletin H-104 


4025 N. KEDZIE AVE. 


ACCUMULATORS - COUNTERBALANCE CYLINDERS 


@ CHICAGO 18, ILLINOIS 


AIR AND HYDRAULIC CYLINDERS - BOOSTERS - AIR HOISTS 








LEADING MANUFACTURERS $T 





ANDARDIZE ON THE BIJUR SYSTEM 
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by controlling oil film at the bearings 


Oil film at the bearings keeps the 
metallic surfaces apart, reducing 
wear to a minimum. This oil film 
must be maintained constantly to be 
effective. 

Lubrication by hit and miss meth- 
ods can’t be depended upon to keep 
bearings running smoothly. Proper 
lubrication requires a system which 
force-feeds the correct amount of oil 
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to all bearings and carefully con- 
trols the oil flow at each individual 
bearing automatically. 

This is accomplished by Bijur, the 
system with positive 
Meter-Unit control of oil 

flow at the bearings. For ah 
further details write for f 
“The ABC of Modern 


Lubrication.” 
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is left underground after operation; 
cease, because beyond a certain point 
only a marginal return would be re. 
alized. Experiments under sponsor. 
ship of the Bureau of Mines are now 
in progress, however, involving burn. 
ing of the coal remaining in such 
abandoned mines underground. The 
air required for this combustion cap 
be supplied by a gas turbine, and the 
gases leaving the mine can, in tum, 
be burned in the turbine to supply 
useful power. 

It is reasonable to expect that 
within the next decade power may 
be produced by nuclear fission. In 
this process, instead of burning a 
conventional fuel, heat would be ob- 
tained from a radioactive reactor, 
Heat thus produced could be im. 
parted through a heat exchanger to 
a gas turbine cycle from which pow. 
er is obtainable. The yas turbine has 
the unique advantage of being the 
most direct and simplest means of 
utilizing such energy. Uranium or 
thorium could be the “fuel” of the 
reactor, thus extending the reserves 
of conventional fuels. Production of 
power by this means would be an- 
other step, wherein a gas turbine is 
employed, toward fuel conservation, 
but it should not be assumed that the 
supply of uranium and thorium is 
inexhaustible, as such is not the case. 




































Use of Coal Should Be Stepped Up 


Since our solid fuel reserves are 
in much. greater abundance than 
those of oil or gas, wise utilization 
would be in the direction of develop- 
ing efficient equipment capable of us- 
ing the.former in preference to fluid 
fuels. Most central power stations 
use coal, as do most steam locomo- 
tives. Now, under the sponsorship of 
the Locomotive Development Com- 
mittee an efficient coal-burning gas 
turbine locomotive is being developed. 

In power plants employing steam 
turbines and diesel engines much 
energy is thrown away in the ex- 
haust because of the difficulty of re 
covering such low grade heat and 
putting it to a useful purpose. In 4 
gas turbine, however, the exhaust 
gases possess a relatively high tem- 
perature so that energy is readily 
recoverable from them. Such hot 
gases can be used to make steam 
which in turn could be employed to 
heat buildings or for various proc 
esses. 

In the event of exhaustion of our 
fluid fuel reserves the most obvious 
remedy, based on present knowledge, 
for domestic and other heating would 
be to use coal. It is possible, how 
ever, that synthetic fuel proces 
will be sufficiently advanced by 4 
time so that the convenience of ff 
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This versatile electronic measuring 


equipment PAYS ITS WAY IN MANY WAYS 


Checking 1.D. on Internal Compara- 
tor Attachment No. 952 . . . separate 
plugs permit measuring holes up to 
2 inches. 


Checking an inside mi- 
crometer to a high degree 
of accuracy with Gage 
Head Cartridge No. 953 


in fixture 


With this equipment, you can gage a variety of small 
precision parts on a mass production scale so fast and so 
accurately that costs drop. No special skill needed. Sav- 
ings over slower, more tedious methods quickly pay for 
this equipment. 

When used as a part of a Quality Control Program, 
this Brown & Sharpe Electronic Equipment offers even 
greater savings. It permits closer, faster coordination of 
inspection with production . . . making possible a sub- 
stantial reduction in rejects, wasted time and effort. 

This modern gaging equipment is designed and con- 
structed with characteristic Brown & Sharpe precision. 
For complete information on its unique features, write 
Brown & Sharpe Mfg. Co., Providence 1, R. I., U. S. A. 


Checking O.D. with External Com- 
parator No. 951, and Amplifier No. 
950 mounted on Signal Light 
Attachment No. 958. 

\ 


Checking gage size with Gage 
Head Cartridge. Complete free- 
dom from differences in “touch” 
of different operators. 


UNIQUE FEATURES 
@ Separate amplifier isolates heat-producing elements. 


®@ True linear response permits accurate setting for 
entire scale with only 1 master block. 


@ Single amplifier may be used to serve several test- 
ing instruments. 


Normal line voltage fluctuations do not affect read- 
ings. 


®@ Simple turn of graduation selector provides accu- 
rate readings in any desired increment from .0001” 
to .00001”. 


@ Simple, self-checking device on external comparator 
. .. no gage blocks needed. 


BROWN & SHARPE [5 








FAWICK-EQUIPPED MACHINES HAVE A 


BUILT-IN OS* FACTOR 























360° RADIAL CONTACT 
UNIFORM PRESSURE & WEAR 
SMOOTH STARTS & OPERATION 


*OPERATING SAFETY 


Avoid costly production losses due to 
“down-time” of either men or machines. Fawick Airflex 
Clutch and Brake Units give workers added protection 
against injury and give machines added protection by 
eliminating faulty clutch operation and possible damage 
to component machine parts and work being done. 

Precision design and construction found in all Airflex 
units give Fawick-equipped machines full-power control 
and smooth application of ALL power to the work. 
For detailed information on the advantages of the 

AWICK PACKAGE-UNIT CONVERSION 


F 
* lan as it applies to your equipment, write to the 
Main Office, Cleveland, O., for BULLETIN 900. 








RY Ail desirable clutch characteristics are built into Fawick Airflex units 


Aid 
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fuels can be economically retained, 
Before the end of the century solar 
heating will be used to a much 
greater extent than at present, and 
it is even reasonable to expect that 
homes may be heated by electricity, 
Rapid progress being made in the 
power generation field would indicate 
such a possibility. From a paper by 
Dr. John T. Rettaliata, dean of 
engrg., Illinois Institute of Technol- 
ogy, presented at the United Nations 
Scientific Conference on the Conser- 
vation and Utilization of Resources, 
at Lake Success, N. Y. 


How Transport Aircraft 
Can Be Improved 


Pew we build an experimental of- 
fice on the ground which vibrates 
as constantly and relentlessly as an 
airplane cabin? Can we place you 
and many other people in this vi- 
brating cell for ten hours at a stretch 
—and have you eat your vibrating 
meals in it—and go to your vibrat- 
ing bathroom in it—and keep your 
vibrating feet on the floor as well as 
your vibrating seat on the chair— 
for ten hours—and see how you like 
it? Can we see if it doesn’t make 
you tired and depleted, like a ten- 
hour flight across our airways? 

Can we determine that if you had 
a choice of a vibrating office or a 
vibrationless - one that you would 
choose the vibrationless one? Can 
we build airplanes where the floors 
don’t vibrate, the trays don’t vibrate, 
the bathroom doesn’t vibrate, the 
seats don’t vibrate? Not knowing 
the answer to this research experi- 
ment, I merely hazard a guess that 
the public might find a vibrationless 
trip enjoyable. 

Those of us who have been pilots 
hesitate to admit it, because it may 
not sound manly, but there is a defi- 
nite emotional experience in seeing 
endless space on all sides—of experi- 
encing the constantly changing views 
and vistas of the never-duplicated 
cloud formations. Psychiatrists, I 
believe, recognize the “flight from 
reality” as a definite human tendency 
—healthy, until it goes too far. 

But today, these exciting views of 
the “wild blue yonder” are princi- 
pally reserved for the crew in the 
front end. The most favored pas- 
senger (by the window) is given 4 
head-sized round or square porthole, 
from which to catch an oblique glance 
of space, from a slightly-cocked neck 
angle. He must obtain his vicarious 
pleasures of seeing nature with the 
same general technique as peeking 
through a knothole in a nudist col- 
ony fence. 

Can’t you design windows that are 
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ng Loosened set screws are a frequent cause of machine failure. When such failure occurs in important 
production machinery it can be expensive indeed—in downtime, repair costs, lowered production, 
poor deliveries and loss of customer good will. 


Fortunately, the expense and headaches of this kind of machine failure can be eliminated by simply 
ots using UNBRAKO Self-Locking Set Screws, the only socket set screws with the famous money-saving” 
ay knurled points. 


DTi- 


ng 
ri- resistant, prevent “creep” and subsequent loosening. The UNBRAKO "stays put”, even under the 


ws most chattering vibration. IT WON'T SHAKE LOOSE! 


ted Think of the advantages of such "Vibration Insurance” for your production machinery! And remember, 


The unique, counterclockwise knurls on the UNBRAKO point make the screw exceptionally vibration- 


oo it makes an impressive selling point when you use UNBRAKO Self-Locking Set Screws on your 


icy finished products. 


Our folder 658 gives you further details. Write for your copy today. 


ci- i 

the 

as- SOCKET BRA () SCREWS 
7) 


le, 


ck 
us 
the 
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ol- 


are “UNBRAKO Counts With The Men Who Count” 


STANDARD PRESSED STEEL CO. 
BOX 102, JENKINTOWN, PENNSYLVANIA 
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Shaft Sealing 
Applications 






JOHN CRANE 
SHAFT SEAL! 


The JOHN CRANE BELLOWS SHAFT SEAL is giving 
excellent and trouble-free service on all types of shaft seal- 


ing applications such as found on: 


Turbine Pumps, Speed Reducers, Refrigeration Compres- 
sors, Rotary Pumps, Agitator Shafts, Centrifugal Pumps. 
This precision-built shaft seal automatically adjusts for 
washer wear and shaft end play. Eliminates stuffing box leak- 
age, gland adjustment and shaft wear. Excellent for high 


speeds and high pressures. 





A. Spring G. Protecting Ferrule 

B. Bellows Driving Boss H. Sealing Washer 

C. Synthetic Rubber Bellows J. Washer Driving Notch 
D. Driving Bar and Ear K. Lapped Sealing Faces 
E. Flange Retainer L. Floating Seat 

F. Retainer Shell M. Seat Ring 








Write For Full Information 
Our Engineering Depart- 
ment will recommend the 
proper Shaft Seal for your 
equipment. There's a new 
bulletin, fully describing 
John Crane Shaft Seals. 
Write for it today! 


CRANE PACKING COMPANY 





1825 CUYLER AVENUE * CHICAGO 13, ILLINQIS 
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two or three or four times larger 
than the present ones? Can win. 
dows also extend downwards from 
the traditional height of a window 
ledge—down to the level of your 
ankles, perhaps, so you can see? 

Is it absolutely necessary, after 
you have finished your great and te. 
dious experiments in the most mod- 
ern design of aircraft wings, to then 
place these wings directly in line of 
vision from the windows, and there- 
by deprive the window of its intended 
function—visibility ? Or can the 
wing be out of the way? 

The cross section of a passenger 
cabin may be roughly circular. An 
aisle runs down the middle. Two 
seats are on either side of the aisle. 
What happens when the cabin 
grows? Does the diameter of the 
cross section double? Are there 
four seats on each side of the aisle? 
Five seats on each side of the aisle? 
Even with larger windows this may 
be no good, if we research it far 
enough. Two seats by a window is 
some sort of human maximum for a 
deluxe or high-class service. 


How About Seats in Tiers? 


Can’t we keep the cabins narrow, 
with two seats on each side of the 
aisle, but with three or four levels, 
if we are to have a transport which 
carries scores of people? Some- 
thing mysterious happens when you 
put a hundred people all in the same 
cabin. Perhaps research will tell us 
what it is. Anxieties flare up more 
quickly in a mob than in a small 
group. The heaving shoulders and 
pale green discoloration of one up- 
set passenger reflects in the uncon- 
scious reactions of ninety-nine other 
passengers when they are all to- 
gether. Putting people on two, three 
or four different floors will keep the 
size of each group down, as well as 
insure better visibility. 

Speed is the principal reason for 
air travel. Berths and other similar 
weight-consuming gadgets are, in the 
long run, only temporary expedients 
offered to distract the passenger be- 
cause of our inability to get him 
there fast enough. When we have 
to drag along and take all night and 
part of the next day to get a pas 
senger from New York to London, 
we may have to apologetically offer 
him an opportunity—at an extra 
fare—to take off his clothes and slip 
on his pajamas, to relieve the mo 
notony. When we can take him from 
New York to London in five hours, 
or six, he won’t have time to ge 
undressed after we get him in the 
air, feed him, give him something t 
read, show him the disappearing 
American continent, and turn hs 
head to see Ireland popping up ™ 
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FABRICATED TRACTOR PART 


ae be: ae eee 
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This 13-pound tractor axle part was originally 


produced by welding two stampings to a tube. 


Conversion to a steel casting—through teamwork 
of manufacturer’s engineering department and 
steel foundry — cut cost of part more than one 
dollar; also increased rigidity and strength . . . 
and improved eye appeal. 

a a * 


STEEL FOUNDERS’ 


920 Midland Building 





MACHINE DEsIGN—January, 1950 





PRODUCT DESIGN STUDIES © NO. 25 





CAST STEEL TRACTOR PART 





Conversion of some of your parts to steel castings 
may result in equal if not greater benefits than 
those given here. 


Also in new and redesigned parts, your steel foun- 
dry engineer may be able to suggest ways to cut 
costs and weight and obtain other benefits. Why 
not call him in while your product is still on the 


drawing board? 


This service is offered without cost or obligation. 
It makes available through your foundry engineer 
the full results of the development and research 
program of Steel Founders’ Society of America. 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 
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front of him. Looking ahead to 
| 1965, we suspect that anything that 


EXCLUSIVE | mepeenion vibrates, and drags 
ong at 400 mil h 
je he MA a old indians. Bean. » oan 


by Harold R. Harris, vice president f 


LATH E, TO a AW, i = agg manager, American 

verseas Airlines. presented at the i 
SANDER OR DRILL SAE National Aeronautic Meeting in | 
MmPRESS IN LESS Los Angeles. 


~ THAN A MINUTE 


Air Transport Supremacy 
Going To Britain 


Sena transport planes will 
soon lose the world-wide su- 
premacy which they have possessed 
exclusively for so many years. With 
its new type gas-turbine and jet air. 

| liners Britain is winning its bid for 
| universal air leadership. Many of 
our latest medium-range, piston-en- 
gine commercial aircraft are already 
obsolete. In the civil aircraft field 
America is repeating the same mis- 





A take made in World War II in mili- 

| tary aircraft, when we permitted the 

TAPERED FLAT | British to conduct the development 

AND AN ALLEN O HEAD | work on jet engines while our fa- 
 ciliti : . 

SCREW MAKE THE CH AN GE _ ci ities and engineering talent were 

used for the mass production of con- 

6WIFT AND THE GRIP ! ventional piston engines. As a re- 

UN FAILI NG Jp sult we lagged behind the British in 


| the jet engine field, and spent several 
| years in approaching their accom- 
plishments. Even today we do not 
have jet engines with power ratings 
as high as the British. 

The British are working on two 
types of commercial transport planes. 
One type, the turbojet, has gas-tur- 
bine engines where the high velocity 
exhaust gases from the engines pro- 
pel the airplane by means of jet 
propulsion. This is the same method 
that is used in all of the latest high- 








Magna Engineering ae manufacturer has yet to receive one speed military aircraft. The other 
Corporation of San single complaint of an attachment type, the turboprop, has gas-turbine 
Francisco standard- accidentally coming off the spindle. engines whose principal function is 


to drive a propeller, with some resid- 


izes on Allen O Head mae ; 
Where there’s an application for a ual energy in the exhaust gases also 


screws and is using 


(a 1 





more than a million a precision fastening the safest, most furnishing a jet propulsion effect. In- 

year for SHOPSMITHS economical answer is the use of an herently a turbojet plane is faster ANY 
and SHOPSMITH at- Allen O Head screw. This is par- than a turboprop type, because the x 
tachments. A par- ticularly true when the screw must efficiency of the propeller falls off at Safe 


ticularly important application is retain its smooth threading and high speeds. Both turbojet and turbo- ms 
the use of Allen O Head Set Screws holding power after long repeated prop planes are capable of greater f 
to fasten the various attachments wrenching. Sold only thru leading | speeds than planes driven by piston |" 
to the spindle tip. With morethan distributors. Write the factory engines with propellers. From & |, 
30,000 SHOPSMITHS sold the _ direct for technical information. | fuel consumption standpoint, how- ° 

ever, the advantage is in the reverse only | 




















order. prin; 
The de Havilland Comet is the most 
notable example of British efforts in 
the field of turbojet transports. The 
MANUFACTURING COM 9) | Comet is a four-engine, 36-passenger 
Hartford 2, Connecticut, U. S. | plane with a cruising speed of 500 
ae YORK, _CLEVELAND, _DETROIT. C CHICAGO, LO! Los ey) | miles per hour and a present range 
= of 2000 miles at an altitude of 40,000 
FOR 40 YEARS THE BUY-WORD FOR SOCKET SCREWS | feet. After further modifications to 
Mac 


166 MACHINE DEsiGN—January, 1950 








ity 


her 
ine 

is 
sid- 
so 
ster 
the 

at 


iter 
ton 


ow- 
orse 


10st 
5 in 
The 
ger 
nge 


3 to 


1950 


Satest 





ANY WAY YOU LOOK AT IT, the 
new Federal Noark Front-Operated 
Safety Switch is absolutely your one 
best buy. It’s the safest — switch 
«the easiest switch to install and to 
maintain . . . the coolest in operation. 

To assure cool operation, there are 
only two joints to each pole, and steel 
springs hold them under extreme ten- 


Ea 
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Fa ast 





sion. What's more, it has an ingenious 
one-piece fuse terminal and lug con- 
struction . . . a patented high pressure 
fuse holder. 

For utmost safety, operating cross 
bar beneath blades guarantees current 
break . . . visible blade construction. . . 
3-position handle . . . tamper-proof cov- 
er... instantaneous arc extinguishers. 


FEDERAL wnoarx 


FRONT-OPERATED SAFETY SWITCH 


Complete line of Federal Electric Products includes Motor Controls, Safety Switches, Service Equipment, 
Circuit Breakers, Panelboards, Switchboards, Control “enters, Bus Duct * Sales Offices in principal cities, 


Coolest! 


New Federal Noark Front-Operated Safety Switch 








New Federal Noark Front-Operated 
Safety Switches come in 30,60, and 100 
amp. capacities, for 230-volt A.C.—250- 
volt D. C. and 575-volt A. C.—600-volt 
D. C. Order them from your distributor 
for superior service and economy right 
now. And ask us for detailed literature. 
Federal Electric Products Company, 
50 Paris Street, Newark 5, New Jersey. 
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Hydraulic Devices * 





For Every Industrial Need 















Speed Control Valves 


Allow flow in one direction and, 
by use of a metering device, ac- 
curately control reverse flow from 
0 to valve max. — even after 
thousands of cycles. Flow con- 
trolled by screw-actuated meter- 
ing pin. Handle air or oil, with 
pressures up to 1,500 p. s. i. 
Standard sizes: ¥s, %, %, V2 and 
¥%,' N. PT. 


# 


Cylinders 


**500-1 Series’ hydraulic cylinders 
available in bore diameters rang- 
ing from %" up to and including 
3‘‘. Chromium plated piston rods, 
honed seamless steel tubing cylin- 
ders. Conventional *‘0” ring pack- 
ings. Clevis mounting and stand- 
ard pipe ports. Can be used in air 
or oil. Pressures up to 1,500 p.s.i. 


Flectrol 


KINGSTON, NEW YORK 


wre 


FOR BETTER HYDRAULIC DEVICES 
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Pictured here are but a few of the 
many hydraulic devices produced 
by Electrol for industry . . . trans- 
portation ... and agriculture. We 
will gladly supply further details 
as to the application of these 
units in the machines you use or 
the products you make. Or — bet- 
ter still—have our engineers work 
with you in adapting them to any 
specific design. 


























Check Vaive: 





Provide positive sealing from low 
to high pressures—5,000 p. s. i. 
max. Used for air, gas, water and 
oi! control with min. pressure drop 
and positive sealing cgainst re- 
turn flow. Standard models fea- 
ture bronze and brass elements. 
Standard sizes: Ye to 2" N. P. T. 


Uniform two-way ac- 
tion for maximum 
operating efficiency. 
Low in cost, economi- 
cal in operation. Few 
moving parts, mini- 
mum of maintenance. 
Operating pressure: 
0 to 1,500 p. s. i. 
Pump delivery: 1.5 
cubic inches per cy- 
cle. ¥‘ N. P.T. ports, 
Suction and pressure 
check valves built in. 


Hand Pumps 


Zeller Designed 


== Produit lye = 


Llectro/ 
Hydraulics 





improve range it is intended to fly 
from London to New York in six 
hours. This is approximately half 
the time now required with conven. 
tional transports. Flight tests on 
the Comet have revealed it to exceed 
its cruising speed and altitude speci- 
fications. Fourteen Comets are on 
order for the British Overseas Air. 
ways Corporation, and two for the 
Ministry of Supply. Besides the 
Comet, the British have under devel- 
opment two other turbojet and four 
turboprop transports. 


Why Tubojet Is Superior 


There are many reasons why a tur- 
bojet transport is superior to the con- 
ventional piston engine type for me- 
dium ranges up to approximately 
1000 miles. Admittedly the fuel con- 
sumption of the jet is higher than 
that of the conventional engine, but 
the much greater speed capabilities 
of the former result in lower total 
operating costs per mile. This de 
rives from the fact that fuel cost is 
only part of the picture. There are 
other costs, common to all types of 
airplanes, such as crew salaries, de- 
preciation, insurance, maintenance, 
etc., which have a greater influence 
on total cost. This latter type of 
cost in dollars per hour does not vary 
greatly between jet and piston-en- 
gine planes, with the result that the 
faster jet plane shows lower costs 
on a per-mile basis. 

Additional advantages accrue when 
it is considered that for a given vol- 
ume of traffic fewer jet planes are 
required due to their greater speed, 
consequently reducing investment. 
Furthermore, because of the purely 
rotary motion of the turbojets com- 
pared with the reciprocation of piston 
engines, the jet airliner is virtually 
vibrationless, thus materially enhanc- 
ing passenger comfort. Its cabin noise 
level is also greatly reduced. Mainte- 
nance time on the turbojets should 
also be lower. The Air Force states 
that only five man-hours are required 
for a complete change of turbojet 
engines compared with 150 man-hours 
for piston engines. 

There is not a single turbojet or 
turboprop transport now under con- 
struction in this country. Even if 
such construction were started to 
day, it would still be at least three 
years before commercial operation 
could be realized. Undoubtedly pro 
gressive airlines in this country will 
of necessity be purchasing foreign jet 
transports in the interest of continu- 
ing the policy of rendering to the 
public the best type of service avail- 
able. 

From a technical and production 
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Westinghouse 
i pase and three-phase 
sey to 20 hp 


@ 203 to 326 a-c motors 


fram 





The Broadest Exchange Plan! 


Since February, 1949, Life-Line motors have 
offered you the broadest exchange plan in in- 
dustry. All 1 to 20-hp, single-phase and three- 
phase a-c motors in frame 203 to 326 are in- 
cluded. No other manufacturer of motors—large 
or small—provides exchange service that com- 
pares in scope to this new Life-Line Motor 
Exchange Service. 


120 Westinghouse exchange points assure you 
rush motor replacement service anywhere in the 
United States. Replacement motors, covered by 
this plan, are in stock, ready to be speeded to 
you at any time. 

And what’s more, if a motor fails during 
warranty period, it may be exchanged free for a 
motor of identical rating. The exchange price, 
beyond warranty, és not dependent on the time in 
service... one year, five years or ten years. 
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you can BE SURE... ie irs 


Westinghouse 


This service is one more advantage you get 
with Life-Line motors. Add this to all-steel con- 
struction . . . pre-lubricated bearings . .. an 
indicated savings of $750 per year per 100 
motors .. . and you'll see why Life-Line has 
gained leading acceptance in the motor industry. 


Complete details on the Life-Line Exchange 
Service—lists of exchange points and motor 
ratings covered—are given in the new booklet 
SM-5243. Get your copy today from your nearby 
Westinghouse representative or write direct to 
Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Penna. J-21533 
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J LENGTHENS DIE LIFE 
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SJ INCREASES OUTPUT 


@ The new Manzel Spray Lubrication system forces 
automatically timed jets of oil mist directly onto 
punches, shear knives, dies, or other parts. Manu- 
facturers who have adopted the system report die 
life increased as much as 3 times, down time and 
punch breakage reduced, oil consumption cut to 1/10 
as much as in hand swabbing. Savings in the first 
few months repay the initial cost many times over. 
In many operations where proper lubrication pre- 
sents a problem, the Manzel Spray System may be 
the solution. It is readily installed on any machinery, 
and adaptable to both large 
and small work. Write 


for descriptive folder. 


an 


DIVISION OF 





FRONTIER INDUSTRIES 


inc. 
276 BABCOCK STREET 


SPRAY LUBRICATION SYSTEM 


£ REDUCES DOWN TIME 


£CuTS OIL CONSUMPTION 


BUFFALO 10, N. Y. 





standpoint the United States is bet. 
ter qualified to develop turbojet trans. 
ports than any other country. It ig 
unreasonable to expect, however, that 
private industry, even though con- 
vinced of the desirability, could yp. 
dertake such a program without fed. 
eral assistance. The British develop- 
ments have been under government 
subsidy. It would appear logical to 
employ some military appropriations 
for such a purpose, as transports are 
certainly used to a large degree in 
the normal conduct of wartime op. 
erations. If the United States is 
ever to regain its eminent position 
in the transport field positive action 
should be taken, and soon. From a 
talk by Dr. John T. Rettaliata, dean 
of engineering, Illinois Institute of 
Technology, presented at a recent 
meeting of the American Institute of 
Electrical Engineers in Cincinnati, 


Standards in Design 


HE design engineer is usually 

the man who initially specifies 
the commodities which procurement 
must ultimately obtain. His interest 
lies in the development of the prod- 
ucts assigned him. His concentration, 
naturally, is in the accomplishing of 
his objective, in each case, if possible, 
an accomplishment that will be hailed 
as a truly significant milestone in 
the art. 

In proceeding with this develop- 
ment, he will usually make good use 
of the well-established, known stand- 
ards that are available to him, Nor- 
mally, however, he has a flare for 
the individualistic touch, and specials 
frequently appear in the picture, in- 
teresting to be sure, but questionable 
when viewed in the light of prac- 
tical need. It, therefore, becomes 4 
problem to guide the engineer in the 
full effective use of standards and at 
the same time avoid discouraging the 
free and unrestrained use of his im- 
agination, which is required if we are 
to progress. The washing machine on 
the drawing board today is the pro- 
curement activity and the production 
line of tomorrow. 

In talking with our purchasing 
people, I constantly stress the im- 
portance of realizing this fact and, 
therefore, urge that all possible ef- 
fort be made to influence the use 0 
standards in the early development 
stage. Cooperative effort between En- 
gineering and Purchasing can great- 
ly simplify the work of procurement 
when the production plans are made. 
From a paper by V. de P. Goubeat, 
director of materials, RCA Victor 
Div., Radio Corp. of America, pre 
sented at Thirty-First Annual Meet 
ing of ASA. 
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SEAL/V\ASTER 


BALL BEARING UNITS 


Besiniaing of An 
Important Product improvement 


No machine can be better than its bearings! Bearings are basic 
. to long life, to dependability ...to the performance and repu- 
tation of the product. In the product planning stage be sure to 
investigate the advantages that SEALMASTERS exclusive com- 
bination of features can give to your product. 

It’s no accident that a great many of the foremost machine man- 
ufacturers are specifying SEALMASTER Ball Bearing Units. Pillow 
Block (shown above), Cartridge, Flange, Flange-Cartridge, Take-Up 
and Hanger Units, as well as many special types, are illustrated in 


the SEALMASTER catalog. Have your secretary write for it today. 


Bearing Division 


STEPHEN §=J§ pamson 


MFG. CO. 


18 Ridgeway Avenue, Aurora, Illinois 


TACTORY REPRESENTATIVES AND DEALERS IN 
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Los Angeles, Calif. + Belleville, Ontario 


5 Reasons Why You’re 
Better Off with SEALMASTERS 


Oo Permanently Sealed 


8 


© 
4) 


5 


Felt-lined steel flinger rotating in labyrinth, pre- 
vents entry of dirt and retains proper amount 
of lubricant. 


Self-Aligning! 

Bearing unit, with seals independent of the 
housing, can align itself in any direction with- 
out seal distortion. 


Prelubricated 
The bearing chamber is filled with the proper 
amount of grease before bearing leaves factory. 


No Housing Wear! 

Patented locking pin and dimple prevent rota- 
tion of outer race in housing, thus eliminating 
housing wear... permit shaft alignment and 
position unit for relubrication. 


Floating Retainer! 

Ball retainer is designed to float on ground 
inner surface of outer race... traps lubricant 
and prevents churning. 


Invite the SEAL- 
MASTER engineer to 
give your company the 
full story on SEAL- 
MASTER bearings. 
If you have a special 
bearing problem... 
put it up to him for 
recommendation. 


ALL PRINCIPAL CITIES 
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FOR CAM FOLLOWERS 


You can see at a glance the rug- 
gedness of construction which 
enables Multirol CF Series bear- 
ings to take repeated shock loads, 
even at the increased speeds 
demanded by modern machines. 


Excess!" 





MULLTIROL 


TRACE MARK PEG U.S PAT OFF 
CF series 








a gnock 








The extra heavy outer race section has a case hardened surface 
which provides extra wear, and a tougher core to resist shock 
loads. The inner race and flange, with hardened wear surfaces, 
are made of a single piece with the stud, preventing any 
possibility of disassembly in operation. Notice there are no 
delicate parts or washers anywhere, to break or cause trouble. 
The many full type small diameter rollers provide extra 
bearing surface. They are finished to precision limits assuring 
friction-free operation between the smooth ground raceways. 
Nearly twenty years successful operation in a variety of 
installations has proved the quality, construction and work- 
manship of CF Series Multirol bearings. 


For installations where it is necessary to mount the 
bearing on a shaft, this same design is available in the 
Cam Yoke Roller (CYR) Series. For complete informa- 
tion about either type write McGill Mfg. Co.. Inc., 
Bearing Division, 200 N. Campbell St.. Valparaiso, 
Indiana, Ask for Bulletins CF-40 or CYR-47. 
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TRADE MARK 














SALES AND SERVIC: 


PERSONNEL 








HE POSITION of district sales map. 

ager of the magnesium aluminum 
division of Utica Radiator Corp. has 
been filled recently by Maurice G, 
Steele. For the past ten years Mr 
Steele has been connected with the 
Kent Co. of Rome, N. Y., first as 
factory manager and later as vice 
president in charge of engineering 
for an affiliate of the Kent Co., the 
Kent Electric Corp. Previous to that 
he was associated with Revere Cop- 
per & Brass Inc., Rome, N. Y., as 
manager of their copper radiation @- 
vision and later as technical advisor 
of the Baltimore division. 


* 




























Worthington Pump and Machinery 
Corp. has recently announced the 
appointment of A. M. Shaw as as- 
sistant manager, pump and compres- 
sor merchandising division. Mr. Shaw 
will be responsible for the develop- 
ment of pump and compressor sales 
to original equipment manufacturers, 
and his activities will come under the 
supervision of J. O. Glenn, manager Na: 
of the division. 





| 
| 
| * eng 
| pus 
Reorganization of the sales and en- 
| gineering department of the Fawick 
| Airflex Co. Inc., manufacturers of | com 
industrial clutches, was recently an- V 
nounced. John V. Eakin, formerly oper 
southwestern district manager, was he 
P ay 
appointed assistant sales manager, 
and J. S. Walsh was named assistant } job. 
chief engineer. Frank C. Warth was} ric 
appointed southwestern district man- 
ager with offices in Fort Worth, Tex, 
and C. H. Lay was made Chicago 
district manager with offices in Ev- 
anston, Iil. 


ina 


° 


Announcement has been made of 
the appointment of John L. Sinclair 
as district manager of the mechani- 
cal goods division of the Goodyear 
Tire & Rubber Co. He has been a 
sociated with this division since 1924. 





¢ 











The appointment of F. P. Taugher 
as manager of engineering for the 
industrial control division of West 
inghouse Electric Corp. in Buffalo ] 
was announced recently. Mr. Taugheh 
who has been engineering and service 
manager in the company’s New Eng] MAK: 
land district for the past five yeals 




















has wide experience in the applict 






MACHINE DEsIGN—January, 1950] Macy 





1 en- 
wick 
s of 


erly 
was 


ager, 
stant 


nan- 
Tex., 
cago 

Ev- 


le of 
clair 
hani- 
lyear 
1 as- 
1924. 


Vest 














NAMCO 
“STELLITE”-WELDED 


SOLENOIDS 


Namco Solenoids are precision built and custom- 
engineered to the individual job—to provide a 
push (or a pull) of up to 25 pounds. They are built 
ina variety of sizes and mountings to meet every 
commercial application. 

When you want positive, automatic, accurate 
operation—even under conditions of extreme 
heavy-duty service—let Namco Solenoids do the 
job. They'll activate clutches, motor drives, elec- 
trie switches, hydraulic valves and other power 
controls, even replacing fractional horsepower 


motors, in many cases. 


Complete standard range of 
Namco ‘“‘Stellite’’-Welded 
Solenoids is illustrated and 
tabulated in Engineering Bulletin 
EM-46A. Ask for your copy. 





The NATIONAL ACME CO. 


180 EAST 131st STREET ° 
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UICK-ACTING! 





CLEVELAND 8&8, 


ACCURATE! 


OHIO 





SLIDE-FASTENER 
MANUFACTURER 


says NAMCO 


IS ONLY SOLENOID 


DEPENDABLE FOR 
HEAVY-DUTY, PRECISION 
SERVICE ON CHAIN 
MACHINE 





Close ones don’t count—slide fasteners don’t 
work unless they’re on the nose. That’s why 
dead-accurate operation of the chain machine 
that makes them is so vital. This machine, 
running continuously at 2500 strokes per min- 
ute, is the key unit controlling production in 
the entire plant. 

Here’s what Plant Engineer R. A. Proud, 
of the Wilson Fastener Division of Talon, 
Inc., has to say: ““We have come to rely on 
Namco Solenoids. Experience has taught us 
they are the only ones that will stand up 
under the punishing action of constant vibra- 
tion, energizing instantaneously at the exact 
interval required to feed in the wire stock.” 

While such whole-hearted endorsement is 
gratifying, it is by no means unique. In in- 
dustry after industry, manufacturers every- 
where are coming to rely on Namco Solenoids 
for heavy-duty, precision service. Is there a 


tough job in your plant we can help you lick? 


Station 


es . 
* Contract Manufacturing 


Centrifuges 
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A Masterpiece of compact DESIGN 
for Rugged Service! 


has: 


JOY JUNIOR LOADERS are specially 
designed for thin seam operation in coal 
mines, where every inch of space is at a 
premium. The entire unit is only 26” in 
overall height, yet it loads from % to 
1% tons per minute. Orange Roller 
Bushings are installed in the conveyor 
hinge section and were selected as “the 
bearings best suited to carry the high 
loads in the limited space available”. 
Joy Manufacturing Company has used 
Orange Roller Bushings since 1935. 


' ; 

ne 4 
Lene, pA ie a ny 

Pt eee See 
7 cay. Sate 


IGH loads, severe service, 

limited space ... this combi- 
nation is one of the most per- 
sistent problems facing design 
engineers. Ease your problem in 
the matter of bearings, by rely- 
ing upon Orange Roller Bushings 
for highest anti-friction protec- 
tion, under heavy loads, in small 
space. 


Orange Roller Bushings are pre- 
cision bearings, made to closest 
tolerances. Roller clearances are 
held to a minimum, resulting in 


JOY JUNIOR 
LOADERS 
find 
ORANGE 
Roller Bushings 
“best suited for the 


closer internal running clear- 
ances. This reduces possibility of 
misaligned rollers. Orange Roller 
Bushings are quiet, smooth-run- 
ning .. . equally efficient in high 
precision machine tools or high- 
stress, high-load equipment. 


Write for Engineering Data 
Book showing design, sizes, 
capacities, installation 
data, etc. Our engi- 
neers are glad to as- 
sist on any bearing 


aN 
problem. aa YT) 
pn 





tion, installation and servicing of 
control equipment in the field, in age 
dition to a broad background in cond 
trol design work. M. L. Gardner hag 
succeeded Mr. Taugher as engineer. 
ing and service manager of the New 
England district, with headquarters 
in Boston. He has been a Westing: 
house employee since 1924. 

e : 


Fred L. Hopf has been named gen 
eral manager of Dynamatic Co 
Kenosha, Wis., manufacturers of var. 
iable-speed drives, punch-press drives, 
brakes for oil well draw works, dyna- 
mometers, etc. Dynamatic Corp. is g 
subsidiary of Eaton Mfg. Co., Cleve. 
land. Having been with Dynamati¢ 
Corp. since 1933, he has been closely 
connected with the engineering de. 
partment as sales engineer and also 
as sales manager of the corporation 
since 1948. 

+ 


The Standard Transformer Co. of 
Warren, O., has announced the ap 
pointment of F. L. West, 106 Temple 
St., Avon, N. Y., as its representa 
tive for western New York state. He 
offers a complete line of transform- 
ers for distribution, power, metering, 
and testing. 

* 


Harry C. Platt has been appointed 
vice president of engineered castings 
division of American Brake Shoe Co. 
Formerly works manager, he has 
been with the company since 1942. 
William H. Starbuck has been made 
vice president of the company’s Kel- 
logg Division. He was previously as- 
sistant general sales manager, serv- 
ing in the sales departments of other 
divisions before joining the Kellogg 
division. 

+ 

Formerly covering the New York 
metropolitan area, Leonard A. Ash- 
worth will now represent the Conti- 
nental Sc w Co. in Maine, New 
Hampshire, Vermont and Connecti- 
cut. Robert A. McCormick has left 
the company’s office staff to take 
over the New York metropolitan 
area, and Paul R. Flemming is a new 
Continental representative in the 
state of New York and a portion of 
Pennsylvania. 

. 


According to an announcement by 
Chicago Vitreous Enamel Product 
Co., Wesley L. Dinsmore and William 
L. Donaldson have been appointed 
district managers. Mr. Dinsmore, who 
has been a service engineer in the 
eastern territory, has been appoint 
district manager of the New England 
territory. He joined the Chicago Vit 


MACHINE DESIGN—January, 





1950 MACE 


rae 0 EE CBT E OEE, 


ti 
Fy 





This marine steam engine 

crankcase and frame is another 

excellent example of fine workmanship in 

Steel-Weld Fabrication . . . a job requiring a high 

degree of accuracy in fabrication, and precision in machining 
operations . . . it is typical of heavy machinery parts and 
assemblies produced by Mahon for many customers through- 
out the country. You, too, will find in the Mahon organization 
an unusual source for welded steel in any form... a 
source with complete production and machining facilities, 
backed by a staff of competent design engineers and crafts- 
men from whom you may expect a smoother, finer appearing 
job, embodying every advantage of Steel-Weld Fabrication. 


TRE 8 CC MRAHOHKR COB PAR Y 
DETROIT 11, MICHIGAN 


Engineers and Fabricators of Welded Steel Machine Bases and Frames, and Many Other Welded Steel Products 
ote? , oe enrich "5 eas pabs ater wre etka bse 
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Look at this Exclusive 
DESIGN ADVANTAGE... 


A STANDARD 
REDUCTION DRIVE 


for any speed 
under 154 R. P. M. 





Every component of the American Reduction Drive is a STANDARD item 
available from stock! By specifying STANDARD reducers, STANDARD 
motors, STANDARD V-belts, and STANDARD sheaves, your slow-speed 
design and installation problems are solved. It's compact, space-saving. 
Lower in first cost. No bulky supports or foundations needed . . . no special 
engineering necessary. Six sizes of Reduction Units give your customers 
any speed below 154 r. p. m. for drives up to 25 h.p. Design possibilities are 
almost unlimited because the reducer is mounted directly on the shaft of 
the driven machine—PUTTING THE GEARS WHERE THEY BELONG— 
on the slow-speed end of the drive! Over 50,000 installations prove its 
soundness of design and performance. 


The Cinerican Padley Company * 4238 Wissahickon Ave. « Phila. 29, Pa. 














of the unique design ee 
Ik about. Please rush my a 
The American Drives Data Book. 
TITLE 








NAME 
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organization in 1947, in the capacity 
of service engineer. Mr. Donaldson, 
who was formerly a service engineer 
in the Ohio territory, has been made 
district manager of the east centra] 
states. 

os 


Stephen C. May has been named 
vice president and general sales man- 
ager of Blackmer Pump Co., Grand 
Rapids, Mich. He formerly served as 
consulting sales counselor with the 
Auto-Soler Co., in sales executive ca- 
pacities with Pacific Mfg. Corp. and 
Iron Fireman Mfg. Co., and as vice 
president and sales manager of Dar- 
ling Valve & Mfg. Co. 


+ 


The Carpenter Steel Co. has an- 
nounced the appointment of Omar V. 
Greene as New England sales man- 
ager, with headquarters in Hartford, 
Conn. He succeeds Wynn F. Rossiter, 
who has been made assistant to the 
vice president to devote his time to 
special work. John W. Thompson, 
formerly manager of alloy steel sales, 
has been named manager of sales de- 
velopment to succeed Mr. Greene in 
this capacity at the company’s main 
office in Reading, Pa. 


William J. McQuillan has been pro- 
moted to the position of branch man- 
ager, Pittsburgh office, Morse Chain 
Co., division of Borg-Warner Corp. 
Prior to joining the sales staff of 
Morse Chain Co. in 1948, Mr. McQuil- 
lan was associated with the sales de- 
partment of H. H. Robertson Co. 
after having spent several years in 
the engineering department of Blaw- 
Knox Co. 

© 


Rogers Corp., Manchester, Conn, 
has announced the appointment of 
John H. Beach as New York state 
representative. Mr. Beach’s territory 
will comprise all of New York state, 
excluding the metropolitan New York 
district, and Erie, Pa. The Rogers 





products he will handle include plas Mor 
tics molding compounds, boards and at le 


blanks; Duroid; electrical insulating 


papers and boards, and Rogers’ fab- Con 


ricating services for fibrous and lam- 
inated phenolic materials. 


° 


Succeeding Henry E. Lackey, wh? 


is retiring, Joseph B. Dietz has eet Pho 
Plet 


made manager of the industrial sales 


section of the finishes division of Ef sep, 
I. du Pont de Nemours and Co. Int} |; ¢, 
Mr. Dietz has been assistant indus} spo 


trial sales manager since 1945. Col 


currently it was announced that Wil FU 


liam P. Fisher Jr. was appointed 


sistant manager of industrial sales # ser 
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record-making problems ini 


and how photography helps solve them 


eee with savings 


Reducing Office 
Copying Costs 


SOLUTION: Make photocopies 
with Kodagraph Contact Paper. 
Anyone, with simple equipment, 
can easily make accurate, lasting 
photocopies of documents and let- 
ters. Kodagraph Contact Paper is 
durable, uniform in quality. De- 
veloped specifically for use with exist- 
ing contact photocopy machines, 
ithas wide latitude . . . assures crisp 
copies of unsurpassed legibility. 


Photocopies save the costs of copying 
by hand... insure absolute accuracy. 





More legible photocopies 
ttlow cost with Kodagraph 
Contact Paper. 


Photography reproduces detail exactly, com- 
pletely even improves quality; photography pre- 
serves—and, if you wish, condenses or enlarges. 
Itcan help you lower costs, increase efficiency, 
speed operations. .. in factory, laboratory, office. 


FUNCTIONAL PHOTOGRAPHY 


Serves business and 
industrial progress 





Preserving 
Engineering Drawings 


SOLUTION: Make photographic du- 
plicates in one printing on Koda- 
graph Autopositive Paper, and get 
file prints or intermediates that will 
stand the wear and tear of handling 
and machine feed-throughs . . . that 
won't yellow, smudge, or fade. Koda- 
graph Autopositive Paper can be 
handled in ordinary room light, and 
can be exposed on familiar direct- 
process or blueprint equipment. 


Photographic intermediates make bet- 
ter prints... and save your originals. 


Longer lasting, higher quality 
intermediates on Kodagraph 
Autopositive Paper. 








Making Room 
for More Records 


SOLUTION: Put inactive records 
on microfilm, destroy the obsolete 
originals, and use the file space so 
obtained for newer records. Micro- 
filming can reduce the bulk of files 
by as much as 98%—a sensational 
saving in space. Record your smaller 
papers, your larger documents and 
drawings witii Kodagraph Micro- 
File Machines and Recordak micro- 
filming equipment and service. 


Microfilming protects your records, 
keeps them in order... 


Saves Space. 


Space savings—up to 98% 
—through Kodagraph and 
Recordak microfilming. 


> MAIL THIS COUPON... 





ROCHESTER 4, N. Y. 
0 better photocopies 


NAME 


Please send me more information about 
C better engineering prints 
0 microfilming to save file space 


EASTMAN KODAK COMPANY iwoustriat pHoToGrRapnic Division 





DEPARTMENT. 





COMPANY. 





STREET. 





CITY. STATE 
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If you use air — THIS COMPACT, 4-WAY 
ELECTRICALLY-OPERATED VALVE 
WILL SIMPLIFY YOUR DESIGN PROBLEMS 





To Bellows Air-powered, electrically-controlled air valve 
is capable of 2000 or more movements per minute. Utilizing 
a revolutionary low voltage solenoid it will operate all day 
without discernible hum, pounding or overheating — in fact, 
is guaranteed against burn-out in rormal use. It will operate 
safely and efficiently submerged or covered with dirt or oil. 
It is self-adjusting to widely varying air pressures . . . operates 
on 5 to 150 psi of air. 


The Bellows Air-powered, electrically-controlled air valve 
is made in 4”, %” and 12” port sizes. It can be adapted to 
direct connection to, or remote control of any standard air 
cylinder. It is a built-in feature of all 
Bellows “Controlled - Air - Power” De- 
vices arranged for electrical operation. 


Write for these Free Bulletins 


Case histories, wiring diagrams, 
technical data on the effective use of 
“Controlled-Air-Power.” Address: The 
Bellows Co., Akron 9, Ohio, Depart- 
ment MD-149. 


The Bellows Co. 


AKRON, OHIO 
. “CONTROLLED-AIR-POWER” FOR FASTER, SAFER, BETTER PRODUCTION 








Wilmington, Del.; William E. Kreuer 
was transferred to Chicago as assist. 
ant manager of industrial sales; 
Richard N. Sanger was appointed in. 
dustrial sales manager in Cleveland: 
and Walter S. Woods II was named 
industrial sales supervisor at Cleve. 
land. 
+ 


A new corporation manufacturing 
permanent-mold castings and jointly 
owned by the Barnes Mfg. Co. of 
Mansfield, O. and the Non-Ferrous 
Die Casting Co. Ltd. of London, Non. 
Ferrous Perma Mold Inc. has ap. 
pointed S. E. Gregory as general sales 
manager for the corporation. An 
authority on permanent-mold casting 
of all non-ferrous alloys, Mr. Gregory 
was associated for twelve years with 
the Non-Ferrous Die Casting Co, Ltd, 
While with the British company he 
served in various capacities in tool 
and engineering design, foundry pro- 
duction, and sales engineering. 

* 


The Westcott Chuck Co., Oneida, 
N. Y., has announced the appoint- 
ment of Herman H. Hobelmann, 744 
Harrison St., San Francisco, Calif, 
as its district representative in the 
states of California, Oregon, and 
Washington and in the Reno district 
of Nevada. 

. 


Homer A. Goddard Jr. has been 
made assistant general manager, in- 
dustrial marketing, for Gulf Oil Corp. 
In his new post, created as part of 
the firm’s reorganized domestic mar- 
keting program, Mr. Goddard will be 
responsible for direct sales of Gulf 
products to industrial plants and or- 
ganizations. He joined the company 
in 1932 as industrial lubrication engi- 
neer with the Pittsburgh division, 
later becoming superintendent of in- 
dustrial sales for the division, and 
then assistant division manager in 
charge of industrial sales. 


¢ 


Diamond Chain Co. Inc., Indian- 
apolis, has announced the appoint- 
ment of Howard W. King as West 
Coast district manager with head- 
quarters in San Francisco. Mr. King 
has a background of twenty-one 
years with Diamond Chain, the past 
fourteen years as district sales rep- 
resentative in Chicago. 

° 


J. H. Goodspeed, formerly in the 
Chicago sales office of Titan Metal 
Mfg. Co., Bellefonte, Pa., has been 
placed in charge of the company’s St. 
Louis sales office at 817-819 Arcade 
Bldg., St. Louis 1, Mo. His new ter- 
ritory comprises Missouri, Iowa, Kan- 
sas, and southern Illinois. 
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Obtained from 
Twin Disc Model P 
Air-actuated Clutch 





The problem was how to increase the 
short-stroke speed on a punch press. The Ferracute 
Machine Co., Bridgeport, N. J., called in Twin Disc 
engineers . . . who recommended Twin Disc Air- 
actuated Clutches. The result... 100% faster 
punch. Now their complete line of 40 to 110 ton 
presses uses Twin Disc Air-actuated Clutches. 

Twin Disc Models P and PH Air-actuated 
Clutches—standard on many types of heavy in- 
dustrial equipment—offer advantages in any appli- 
cation where remote control operation is desired. | 
Less shaft space is needed, permitting closer shaft 
bearing center distances. They have ideal operating 
characteristics: high torque capacity ... fast or 
slow engagements... the ability to absorb heat... 
automatic adjustment for longer wear-life. 

Simple in design, rugged in construction, Twin 
Disc Model P and PH Air-actuated Clutches are 
built in a wide range of sizes (14 to 42 inches) and 
capacities (75 to 1325 hp), permitting the selec- 
tion of exactly the right clutch for every installa- 
tion. Write for Bulletin 139-B. Twin Disc CLUTCH 
Ferracute 75-ton Punch Press equipped with Twin Disc Model P Comp ANY, Racine, Wisconsin (Hydraulic Division, 


Air-actuated Clutch. Rockford, Ilinoi 
Close-up of Model P Clutch installed on Ferracute Punch Press. eee inois) , 


Heavy Duty Hydraulic 
Clutch Torque Converter 


Machine Tool 
Clutch 


Twa tates 


CLUTCHES AND/HYDRAULIC DRIVES 
LAS 





SPECIALISTS IN INDUSTRIAL CLUTCHES SINCE 1918 
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ERVING the territory of Detroit 

and the southern half of Michi- 
gan, as well as Fulton, Williams, Ot- 
tawa and Lucas counties in northem 
Ohio, the Milton A. Meier Ce., 816 
New Center Bldg., Detroit 2, Mich., 
has been appointed distributor for pig 
and ingot products of the Reynolds 
Metals Co. 
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Ward Leonard Electric Co., Mount 
Vernon, N. Y., has announced the 
establishment of their St. Louis 
| branch office at 4030 Chouteau Ave., 
| St. Louis 10, Mo. Charles B. Durling 
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‘*‘No, no, Johnson! That slip-resistant | Jr. is district manager. At the same 
4-Way Safety Plate goes on the floor!”’ | time it was announced that Storer 





| and Schemm, Cincinnati representa- 

tive of the Ward Leonard Electric 
| Co., has changed its name to Sheldon 
| Storer and Associates, retaining its 
location in the Transportation Bldg., 
| 307 East Fourth St., Cincinnati 2, 0. 





Slip-resistant? Yes, Inland 4-WAY Safe- 
ty Plate provides positive traction wher- 
ever feet or wheels must go. . . floors, 
walkways, ramps, platforms, steps—in 
your plant or on your products. What's 
more, it is easy to install, easy to main- 
tain. INLAND STEEL CO., 38 S. 
Dearborn St., Chicago, Ill. 


WRITE FOR BOOKLET 










Manufacturer of Le-Hi high and 
| low pressure hose couplings, Hose 
| Accessories Co. of Philadelphia has 







announced that its West Coast fac- 
tory warehouse is now located at 
1320 Santa Fe Ave., Los Angeles 21, 
Calif. The new warehouse carries 3 
complete stock of hose couplings, 
clamps, nipples and related acces- 
sories. Availability of this large stock 
in Los Angeles will provide improved 
service for Le-Hi customers in the 
entire Pacific Coast area. 





° 


The Standard-Thomson Corp., avia- 
tion and automotive parts manufac- 
turer, has leased the Andrews Build- 
ing at 128 Tulsa Lane, Dayton, 0. 

| for use as a warehouse and shipping 
: f | center. The building will provide the 
nae , , | company with 30,000 square feet of 
additional floor space and office 
facilities. 
° 


STOCKED BY LEADING 
STEEL WAREHOUSES Amnéimoement hes bon mate: @ 
a change in the sales and manufac- 


, AA. FET VY turing organization of Jas. P. Marsh 
Corp. Sales of the newly acquired 

TE Electrimatic line of refrigeration con- 

PLA trol valves and regulators are to be 
*Reg. U. S. Pat. Off. handled by the Electrimatic Co.; pres TI 

sure gages, dial thermometers and 
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GRAMIX self-aligning bearings 
and U.S.G. carbon brushes 


li help make new SPEEDRILL 
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The six GRAMIX self-aligning bearings sealed 
into the rugged little Speed-Way power-drill have 


via- a lot to do with its amazing long life and performance. And the pair of U.S.G. 
fac- 
iild- 
0. commutator at 1000 R.P.M. 
ping 


carbon brushes in this speedy tool assures absolute balance of brush pressure on the 


» af GRAMIX bearings and specialty parts are die-pressed from powdered metal, 
fice finished to size without machining. They are sufficiently porous to retain 
lubricant and thus eliminate the need of regular lubrication. U.S.G. carbon 
brushes are available for any type motor from 1/100th to 100 H.P. Write for 


fac: your copy of the new GRAMIX and the new U.S.G. Brush catalogs. 


re |THE UNITED STATES GRAPHITE COMPANY - SAGINAW, MICHIGAN 
DIVISION OF THE WICKES CORPORATION 
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A Product of ALAN WOOD STEEL COMPANY 


Conshohocken, Penna. 


Gentlemen: 
Please send me a Free copy of your 16-page Super-Diamond Catalog L-59. 








Nome Title 
Company —_ 
Street ~ City State 








Other Products: PERMACLAD, Stainess Clad Steel * A.W. ALGRIP ABRASIVE Floor Plate 
Billets © Plates * Sheets © Strip * (Alloy and Special Grades). 

















related products will be handled by 
Marsh Instrument Co.; and Marsh 
traps, valves and other heating spe- 
cialties will continue to be handled 
by Marsh Heating Equipment Co, 
Each of these organizations will be 
designated as sales affiliates of Jas, 
P. Marsh Corp. 


* 


Direction of sales activities for 
welding electrodes and equipment of 
the A. O. Smith Corp., Milwaukee, 
has been transferred from the north 
central district, Chicago, to the weld- 
ing and electrode and equipment di- 
vision, Milwaukee. This move is de- 
signed to bring sales and technical 
service to customers closer to the re- 
search and production facilities. All 
sales activities for these products will 
be directed from the Milwaukee of- 
fice under the supervision of J. T. 
Pritchard, division manager. L. F. 
Vonier is general sales manager for 
the division. 


St. John X-Ray Laboratory, Cali- 
fon, N. J., has received a 350 milli- 
curies source of Cobalt 60, a radio- 
active material to be used for indus- 
trial radiography in place of radium. 
Since Cobalt 60 has a smaller focal 
spot size than the equivalent amount 
of radium, better results can be ob- 
tained by the use of this new ra- 
dioisotope. A separate building has 
been designated for the exclusive use 
of Cobalt 60, and it can also be used 
on any field job. 


¢ 


Canadian representatives for Cam- 
bridge Wire Cloth Co., the R. D. 
Travers Co. has moved into new and 
larger quarters at 117 Charlton Ave., 
West Hamilton, Ontario. The addi- 
tional facilities were necessary to 
keep service in step with demand for 
Cambridge woven wire conveyor 
belts, industrial wire cloth and spe- 
cial wire fabrications. 


e 


American Manganese Steel Divi- 
sion of American Brake Shoe Co. 
has announced the appointment of 
the Whitehead Metal Products Oo. 
Inc. as distributors of its complete line 
of Amsco welding products, consist- 
ing of various types of rods and elec- 
trodes for hard facing and repair 
work and including the newly devel- 
oped tungsten carbide rods. The 
Whitehead Co. operates warehouses 
in major cities in five Eastern 
states including New York, New 
Jersey, Pennsylvania, Massachusetts 
and Maryland. 
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Ideas on Designing Bases 
for Greater Rigidity at Less Cost 





OUTSIDE WELD BEAD 
ROUNDS OUT SHARP 




















Examples of simple design details for fabricating more durable machinery bases at less cost with arc welding. 


Machinery bases built from welded steel possess more 
than twice the rigidity per pound than cast iron. By 
fabricating with arc welding, manufacturers are able to 
incorporate many unique design features at less cost 
since most component parts are readily cut and formed 
from standard steel shapes and plate and then clamped 
in simple fixtures for fast, easy arc welding. 


Suggested above are but a few of many design ideas 
that can be used to simplify the construction of machinery 
bases, and at the same time, achieve greater rigidity, 
clean, modern appearance at a remarkably low cost. 


In a great many cases, plain structural shapes like steel 





Rigid All-Welded Base for planer. Side members are sheared Clean, Modern Styled Appearance is made possible with 
blate reinforced with stiffeners. Courtesy Porter Machinery Com- structural shapes and plate. Base has totally enclosed reservoir 


pany, Grand Rapids, Mich. 


THOUGHT STARTERS 
FOR 


MACHINE DESIGN 


for coolant storage. 


For free data sheets on welded machine design, write 


THE LINCOLN ELECTRIC COMPANY 
Dept. 11, Cleveland 1, Ohio 


bars, channels, “I”? beams and simple plate are used 
almost entirely. Where metal forming equipment is avail- 
able, component parts can be bent to shape, thereby 
minimizing both fit-up and welding. Many components 
can also be pre-drilled and tapped on small, high speed 
equipment, eliminating the need for heavy, slower 
operating machine tools. 


Design improvements or changes to suit customers’ 
needs are more easily accomplished with welded design. 
Costs and delays of pattern changes are eliminated, thus 
cutting down overall production time and speeding 
manufacturing schedules. 





@ More detailed analy- 
sis for low-cost design of 
machinery bases is con- 


tained in the ‘‘Procedure 
Handbook of Arc Weld- 


ing Design and Practice.” 
Price is only $1.50 post- 
paid in the U.S.A.; $2.00 


elsewhere. 














Sales Offices and Field Service Shops in All Principal Cities 
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HOOVER BALL BEARINGS . 
with HONED raceways 


wy quicl as a night 
of sits 


* 
In bearings engineers judge quality by quietness. They know 
that the quietest running bearing makes the best showing in 
the battle against friction... and has the longest life. Hoover 
Ball Bearings with honed raceways... an exclusive Hoover 
feature ... are the world's quietest ball bearings. This fact 
has been proved by sound testing on a special radio device. 
In comparison with four other leading makes, Hoover won 
hands down! The secret of 
Hoover leadership in quiet- 
ness is the Hoover honed 
raceway. Mechanically 
alelal-te Mela y ellie] Mulelaillil to 
Hoover makes available, at 
reasonable cost, a ball 
bearing perfection pre- 
viously found only in hand- 
nened laboratory samples. The tristocral of Bearings 
Write, on your letterhead, 
for a copy of the Hoover 
Engineering Manual. 


Ann Arbor, Michigan 


HOOVER 


Ne i 
AMERICA’S ONLY BALL BEARING 


7 


dite 


WITH HONED RACEWAYS 


Hoover Ball and Bearing Co., 


AND EXPOSITIONS 


Jan. 16-19— 

Plant Maintenance Show to be held 
in the Cleveland Auditorium, Cleve. 
land, Ohio. Additional information 
may be obtained from Clapp & Poliak 
Inc., 341 Madison Ave., New York 
17, N. Y. 


Jan, 23-26— 

Institute of Aeronautical Sciences, 
18th annual meeting to be held at the 
Hotel Astor, New York, N. Y. Addi- 
tional information may be obtained 
from Society headquarters, 2 East 
64th St., New York 21, N. Y. 


Jan. 23-27— 

American Society of Heating and 
Ventilating Engineers. Fifty-sixth 
annual meeting and the Southwest 
Air Conditioning Exposition to be 
held in Dallas, Texas. A. V. Hutchin- 
son, 51 Madison Ave., New York 10, 
N. Y., is secretary of the society and 
Charles F. Roth, Grand Central Pal- 
ace, New York 17, N. Y., is exposition 
manager. 


Feb. 8— 

American Society of Mechanical 
Engineers. Machine Design division 
panel discussion meeting on “The 
Influence of Customer Demands and 
Suggestions on the Design and Per- 
formance of Capital Goods Machin- 
ery” to be held at Hotel Schroeder, 
Milwaukee. Additional information 
may be obtained from T. F. Eserkaln, 
2250 N. 62nd St., Wauwatosa, Wis. 


Feb. 12-16— 

American Institute of Mining & 
Metallurgical Engineers. Annual 
meeting of the Iron and Steel Divi- 
sion, the Institute of Metals Division 
and the Extractive Metallurgy Divi- 
sion in connection with general meet- 
ing of AIME to be held at the Hotel 
Statler, New York, N. Y. Ernest 
Kirkendall, 29 West 39th St., New 
York 18, N. Y., is secretary. 


Feb. 27-Mar. 3— 

American Society for Testing Ma- 
terials. Spring meeting to be held 
at the Hotel William Penn, Pitts 
burgh, Pa. Robert J. Painter, 1916 
Race St., Philadelphia 3, Pa., is a5 
sistant to the secretary. 


Mar. 14-16— 
Society of Automotive Engineers. 
Passenger car, body and production 
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SQUARE D’s 


SATE 


SWITCHES 


*Types A, C and D 


+ 


Backed by 40 years’ 


DESIGN LEADERSHIP 


arkable superiority of this new switch line is reflected in these 


The rem 


Lv 


TYPE A design and operating features: 


MODERN STYLING is both functional 
and attractive. 
COMPACTNESS obtained without 
sacrifice of wiring convenience. 
FULL COVER INTERLOCK has attach- 
ment that locks switch “ON” or 
“orr” with 1, 2, 3 or 4 padlocks of 
nearly any size or shape. 
SIMPLE MECHANISM—quick make- 
and-break action—no dead center. 
SILVER-PLATED current-carrying parts. 
EXPOSED BLADES permit visual 


*T'ypes C and D similar to Type A in appearance— 


checks of switch operation. 
DEAD-FRONT line terminals are pro- 
tected by hinged arc chamber cover. 
MAGNETIC ARC PLATE adds to un- 
usually high rupturing capacity. 
POSITIVE PRESSURE jaws and fuse 
clips, steel reinforced, silver-plated. 
NON-TRACKING insulation used in 
base. Melamine insulating cross-bar. 
REMOVABLE PRESSURE CONNECTORS 
permit substitution of solder lugs, 
where preferred. 
differ in construction details 


















































































































































































































































CA 


t+} | 


j 





Pi 
Ls 








NOW in production: 30, 60, 100 and 200 ampere sizes 





SQUARE 


DETROIT 


SQUARE D COMPANY CANADA LTD., TORON 


Wrute for Bulletin 3100 « Square D Company, 6060 Rivard Street, Detroit 11, Michigan 


T) COMPANY 


MILWAUKEE 


TO « SQUARE D de MEXICO, S.A., MEXICO CITY, D.F. 







LOS ANGELES 
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SELF-ALIGNING_ 
HI-LOAD 

















Pat. No. 2,462,138 
Further Patents Pending 


SPHERICAL BEARINGS 


by HA LF CO 


HAVE BEEN USED IN ALL TYPES 
OF INDUSTRY FOR MORE THAN FIVE 
YEARS ... If your application or 
problem involves HI-LOAD, 
MISALIGNMENT, VIBRATION 
or SHOCK, a HALFCO BEAR- 


from 


Bore‘ Sizes 
3/16th to 3 Inches 


HALFCO BEARINGS, 
formerly manu- 
factured by Adel 
Precision Products | 


Co., are now manu- | 


ING is your answer... factured exclu- 
sively by HALFCO 

© 

NOW 
COMPETITIVELY 

PRICED 


Send orders, inquiries, etc., to 











BEARING DIVISION 
of MARSAM ENTERPRISES, Inc. | 
EXECUTIVE OFFICES FACTORY | 


211 So. Beverly Drive © Beverly Hills, Calif.812 So. Flower St. © Burbank, Calif. 
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meeting to be held at the Book-Cadij. 
lac Hotel, Detroit, Mich. John A. ¢ 
Warner, 29 West 39th St., New York 
18, N. Y., is secretary and genera] 
manager. 


Mar. 28-31— 

Society of the Plastics Industry, 
Fourth national plastics exposition to 
be held at the Navy Pier, Chicago, 
Ill... William T. Cruse, 295 Madison 
Ave., New York 17, N. Y., is execu- 
tive vice president. 


Apr. 4-8— 

National Production Exposition 
sponsored by the Chicago Technical 
Societies Council will be held at the 
Stevens Hotel, Chicago, Ill. John ¢, 
Toohy, 176 W. Adams St., Chicago 3, 
Ill., is exhibit manager. 


Apr. 10-14— 

American Society of Tool Engi- 
neers. Industrial exposition to be 
held at Convention Hall, Philadel- 
phia, Pa. Additional information and 
advance registration forms may be 
obtained from Harry E. Conrad, ex- 
ecutive secretary, 10700 Puritas Ave. 
Detroit 26, Mich. 


Apr. 17-19— 

Society of Automotive Engineers. 
Aeronautic meeting and aircraft en- 
gineering display to be held at the 
Statler Hotel, New York, N. J. John 
A. C. Warner, 29 West 39th St., New 
York 18, N. Y., is secretary and gen- 
eral manager. 


May 8-12— 

American Textile Machinery Exhi- 
bition to be held in Atlantic City 
Auditorium, Atlantic City, N. J., un- 
der the sponsorship of the National 
Association of Textile Machinery 
Manufacturers. E. Kent Swift, Whit- 
insville, Mass., is president. 


June 11-16— 

American Electroplaters’ Society. 
37th annual convention to be held at 
the Hotel Statler, Boston, Mass. The 
Fourth International Electrodeposi- 
tion Conference in collaboration with 
the Electrodepositors’ Technical So- 
ciety of England will be held at the 
same time. Additional information 
may be obtained from American 
Electroplaters’ Society, 473 York Rd. 
Jenkintown, Pa. 


April 24-27— 

American Management Association. 
19th national packaging exposition to 
be held at the Navy Pier, Chicag® 
Til, Edward K. Moss 330 West 42nd 
St., New York 18, N. Y., is public 
relations director. 
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be The tapered mating of the two-piece QD 
— Sheave makes Worthington’s Multi-V- 
Drive an attractive sales point for your 
equipment. 
It’s the easiest sheave to install because 
ores the lightweight split hub goes on first . . . 
en- is locked in place . . . then the tapered- 
the bore rim slides over the tapered-cone hub 
ohn . . . is pulled up by full-sized bolts. 
New Easy as this is, the QD stays tight on the 
zen- shaft. The cone-friction grip on the hub 
produces a positive press fit on the shaft. 
The QD clamps the shaft tighter than any 
other sheave on the market! 
oa For Balanced Drive Performance 
. 
= Specify Worthington Multi-V-Drives, with 
pe QD Sheaves and Worthington-Goodyear 
a EC V-Belts. Each strand in the belt car- 
“ ries its equal share of the belt load, as 
1 - 


each belt carries its full share of the drive 
load. (Goodyear EC Cord or Steel Cable 
V-Belts are used exclusively in Worthing- 
ton Multi-V-Drives.) 


Complete Range of Stock Sizes 
— Prompt Shipment 






Worthington QD Sheave— 
Original Tapered Cone- 
ety Grip Sheave. Easy to Get 

On—Easy to Get Off —Yet 
d at | Always Tight on the Shaft 

















POWER TRANSMISSION: sheaves, V-belts, variable speed drives COMPANY. ccccccccccccccccccccccccccse 


at ss 853 listed stock sizes in “A”, “B”, “O's and 
with “D” sections, fhp to 200 hp.. . 332 li 

So- bal Oo Q T al f G T o oe stock sizes of EC Cord V-belts. Send coupon 

the for latest Worthington QD Sheave bulletin. 

re Fi LS SS See ee eaaee eee '7 

— § = Worthington Pump & Machinery Corporation rl 

Rd., WORTHINGTON PUMP AND MACHINERY CORPORATION Multi-V-Drive Sales Division, Dept. MVA99 ‘ 

MULTI-V-DRIVE SALES DIVISION!— BUFFALO, N. Y. Buffalo, N. Y. 1 

, Send latest bulletin on Worthington Multi-V- 1 

n. to is 6.0 bb de cain ah deeb oduebhsdhetacess i 

, 

t 


iblic PUMPS: centrifugal, power, rotary, steam 
AIR COMPRESSORS: water-cooled, air-cooled 


Address....scecccccccccccceceenseet**agg 
ee ee ee eee ee | 
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You needn’t be concerned with horses, real or 
mechanical, to profit from the experience of a 
roving amusement ride operator in Michigan. 


He liked to give the youngsters a real whirl 
for their money. But he couldn’t make money 
when the spinning horse carts broke down or 
when the kids were so jolted by abrupt starts that 
they were afraid to ride. Operating difficulties were 
spoiling the fun — and the profits. 


At wit’s end, the troubled operator called in 
Winsmith. It turned out to be true that a stock 
Winsmith reducer fit the job as a nut fits a bolt. 
But what really brightened the profit picture were 
the transmission improvements recommended by 
the Winsmith factory trained engineer who called. 
Effected at a negligible cost, they accomplished 
smooth, low-torque starting, permitted discarding 
of unpopular safety belts and eliminated shaft 
breakages. No more profit losses — the mechanical 
steeds now ride in the money. 


Your applications of power transmission may be 
remote from the amusement field. They may call 
for large, heavy duty speed reducers to operate 
sewage sludge agitators, or for fist-size units to 
rotate a glittering array of appliances on a display 
table. 


Whatever the use, it’s worth remembering that 
with Winsmith you get widest selection of stock 
reducers anywhere —and at the lowest cost. But 
what the ride operator remembers most about 
Winsmith is what will impress you the most from 
your very first contact . . . unique individualized 
service by factory trained transmission engineers. 


CATALOG HANDBOOK No. 148 
If you have it, get your name on the 
mailing list for new 1950 edition by 
writing today. 


DBRA Series 1/20 to 1/8 H.P. 


ran 


BV Series 1/5 to 12-1/2 H.P. 


BT Series 1/5 to 12-1/2 H.P. 


_, CORPORATION 


o On 
, 


16 ELTON ST., SPRINGVILLE, ERIE COUNTY, NEW YORK 











\ NEW 
MACHINES 


And the Companies Behind Them 


Heating and Ventilating 

CAS FURNACE. Input capacities: §4. 
000, 112,000 and 140,000 Btu per 
hour. Comes in 2 assembled pack. 
ages; heating section is 23 in. high, 
50 in. long, blower section fits 
against heater or can be installed 
remote from heater. AGA approved 
for zero clearance to combustibles 
on top, bottom and back of heat 
exchanger. The Lennox Furnace 
Co., Marshalltown, Iowa. 


| INDUSTRIAL GAS BURNER. Designed for 


natural or mixed gas. Gas burner 
mounting plate also has lugs for 
mounting oil burner when both oil 
and gas are to be used. Gas unit op- 
erates with natural or forced draft, 
Iron Fireman, Portland, Oreg. 


| FORCED-AIR GAS FURNACES. Capaci- 


ties: 160,000 and 200,000 Btu per 
hour input. Narrow “clamshell” 
heat extractors force combustion 
gases into thin layer, giving max 
efficiency in heat exchanger. Single 
port type of burner used, 1 for 
each 40,000 Btu of input. Burner 


adjustable for manufactured, mixed 
and natural gas. Lennox Furnace F 


Co., Marshalltown, Iowa. 
Heat Treating 


| PREHEATER, Portable unit mixes, dries 


and preheats plastic powders. Feeds 
hot thermoplastic granules directly 
into hopper of injection and ex- 
trusion machines. Capacity, 10 lb 
per hour. Aluminum tumbler driven 
at 3 rpm by 100-watt gearmotor. 
Tilting hinged tumbler mounting 
plate forward empties tumbler. 
Heating accomplished with 375- 
watt lamp mounted over tumbler. 
Drying speeded with 1/20-hp fan 
mounted on lamp bracket. Miskella 
Infra-Red Co., Cleveland, O. 


| INDUCTION HARDENER, For continuous, 


r-f induction hardening of cylin- 
drical parts at feed rates to 6 in 
per second, Automatic loader feeds 
pieces to a horizontal rotating scan- 
ner through a feeder unit. Work 
hardened by passing through an 
induction coil and then cooled with 
spray quench. Uniformity of case 
depth is obtained by controlling 
feeds. Any desired hardness pat 
tern can be obtained by adjustment 
of electronic timing circuits. West 
inghouse Electric Corp., Pittsburgh, 
Pa. 

HEAT TREATING FURNACE. Bench type 
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TORRINGTON NEEDLE BEARINGS 


contribute to compact design 





For high load capacity in restricted space, Torrington 
Needle Bearings are unequalled by any other type 
of anti-friction Bearing. 

Assemblies incorporating Needle Bearings are 
models of engineered compactness, simplicity and 
efficiency. This engineering advantage of Torrington 
Needle Bearings has contributed to important de- 
sign advances in many products. When your prob- 
lem is to secure compact, lightweight design with 
high unit capacity, the Torrington Needle Bearing is 
specially engineered to meet your requirements. ~ 











THE TORRINGTON COMPANY. 
Torrington, Conn. + — South Bend 21, Ind. 
District Offices and Distributors in Principal Cities of United States and Canada 
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HERICAL ROLLER »| TAPERED ROLLER’ « STRAIGHT ROLLER “. BALL. 
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RUBBER... with a 
backbone of STEEL 


LORD BONDED-RUBBER Products 
Solve Some of Industry’s Toughest 
Design Problems 











Rubber, bonded to metal by the 
LORD Process, gives the imagina- 
tive engineer what amounts to a 
new material with which to work— 
“rubber with a backbone of steel.’’ 
Other metals, such as brass and 
dural, are also used to meet special 
conditions. 

The characteristics of rubber, nat- 
ural and synthetic,—its effective 
vibration control, its flexibility, its 
high coefficient of friction, its re- 
sistance to abrasion,—these quali- 
ties may be employed to fullest 
advantage because of the insepa- 
rable bond between the rubber and 
the substantial base to which it is 
attached. 

Valve seats, motor mounts, idler 
wheels, diaphragms, pirn adapters, 
torsion joints, bearing seals, are a 
few of the successful applications 
which have been made and are sug- 
gestive of opportunities for improve- 
ment of other products. The Lord 
Bonded-Rubber Process combines 
the rigidity and strength of metal 
with the resiliency of rubber in a 
permanent bond that withstands 
strains and stresses of torsion, com- 
pression, or other distortion. 










































The greatest storehouse of practical 
experience in product improvement, 
through the application of rubber- 
bonded-to-metal, is at your service. 
Consult the Lord representative in your 
territory, or write 






LORD MANUFACTURING COMPANY, ERIE, PA. 


Conodian Representative: Railway & Power Engineering Corp. Ltd. 


LorD) Vibration Control Systems 





POWER HACK SAW. Cuts material 2% 


PORTABLE POLISHING TOOL. For rub 


REVERBERATORY TILTING FURNACE. Fo ; 


DOUBLE-CRANK PUNCH PRESS. Large 


HAND GRINDER. For light bench and 


unit for tool and die hardening 
and tempering and as furnace 
batch production runs of sm 
parts. Mcex temperature, 1850 
Dimensions, 10 in. wide, 8 in. high) 
18 in. long. One model permits 
manual setting of power input af 
any point from 5 to 100% of full 
rating. Temperatures held at clo 
limits with control pyrometerg) 
Other model designed for pyrome 
ter operation but without a 
equipment, for work requiring legg 
critical temperatures. Cooley Elew 
tric Mfg. Corp., Indianapolis, Ind’ 
Manufacturing 






























by 2% in. and permits angle cut- 
ting of 15% in. stock. Equipped 
with 4-hp, 1725-rpm motor operat- 
ing machine at 150 strokes per 
minute. Max cutting stroke, 3% 
in, Standard equipment includes & 
in. blade and extension bar accom 
modating 10-in. blade. Pressure 
lief on return stroke eliminates 
drag and unnecessary blade wear, 
Sales Service Machine Tool Co, 
St. Paul, Minn. 



























bing and polishing metals, wuod- 
work, linoleum, etc. Weight, 4% Iby 
free speed, 1300 rpm. Swivel side 
handle can be positioned at any 
position on tool for convenient op 
eration. Balanced design prevent 
tool from tipping over, Includes 
die-cast aluminum frame, universal 
motor, alloy steel planetary gearing, 
and 6-in. diameter backing pad 
Cummins Business Machines Ine, 
Portable Tools Div., Chicago Ill — 






































melting of nonferrous metals, ire 
ferro manganese, copper ferrite and 
malleable iron. Capacities, 500 to 
2000 lb. Furnaces capable of pro- 
ducing 13 to 21 continuous melts 
per day. Each unit complete with 
burner, blower, motor and air ram. 
Bellevue Industrial Furnace Co. 
Detroit, Mich. 
























bolster area Model 3036 rated at I 
30 tons capacity. Bolster area, 16] 
by 36 in.; ram area, 10 by 36 in; f 
press speed, 80 strokes per minute. 
All steel welded construction with 
4-point engaging clutch. Standard 
stroke, 2 in.; max stroke to order, 
4 in.; ram adjustment, 2 in. Press 
is single-geared using herringbone 
gears. Requires 3-hp motor oper 
ating at 1800 rpm, Diamond Ma- 
chine Tool Co., Los Angeles, Calif. 


qa ~~ 6 ~~ « 


finishing work, touch-up work on ( 
dies and molds, chain saw sharp- 
ening, etc. Weight, 12% oz. Uses d 
1/40-hp universal motor operating] . 
on 115 volts. Pushbutton lock s& 
cures tools in place. Housing C0! 
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0 valuable in engineering 
...@ Kodagraph Micro-File Machine 


_—— AN ENGINEERING DRAWING... Or any document— bound 
or unbound—on the copyboard ... touch a foot-switch ... 
and the Kodagraph Micro-File machine does the rest— 

It photographs your material at tremendous reduction... 
records it on a compact roll of film which requires only 2% of 
the original storage space ... which can be filed at your 
finger tips... or stored in the vault, if you wish. 

You can refer to these film records quickly, conveniently ... 
view each image enlarged sharp and clear on the screen of the 
Kodagraph Film Reader. And there’s this advantage, too: With 
a Kodagraph Micro-File Enlarger, you can readily make large 
reference-size prints of maximum legibility—directly from 
any filmed image. 

Now available—4 different models 

of Kodagraph Micro-File Machines 
Created for the wide range of requirements in engineering 
departments—each is a precision machine . . . designed by Kodak 
... made by Kodak. .. for simplified, economical microfilming. 


EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 


“Kodak” is a trade-mark 
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@ It microfilms your drawings 
—old or new—automatically .. . 
with precision and accuracy. 


@ It is easy, economical to op- 
erate... records 675 24x 36-inch 
drawings, for example, on a 100- 
foot roll of 35mm. Kodagraph 
Micro-File Film. 


@ it allows you to destroy old 
records, drawings . . . reclaim 98% 
of your filing space. 


@ it increases protection .. . 
simplifies and speeds reference. 


MAIL COUPON FOR 
FREE BOOKLET 


Eastman Kodak Company 
Industrial Photographic Division 
Rochester 4, N. Y. 


Please send illustrated literature about the complete 
line of Kodagraph Micro-File equipment. 


Name 
(please print) 
Department 
Company 
Street 


City 


State 


Kynel CERTIFIED (soars 


FOR ALL FRACTIONAL 
HORSE POWER PURPOSES 


OUR SPECIAL EQUIPMENT MAKES PRECISION PRO- 
DUCTION IN VOLUME A REAL ECONOMY. CON. 
SULT OUR GEAR EXPERTS ON YOUR NEXT PROBLEM. 


Ki heel ethics tion 


STERLING, ILLINOIS 


























192 


ce ee ee 


MICROMETER 
DIAL 


Provides exceptional tim- 
ing accuracy where a cir- 


with a time delay. Tim- 
ing adjustable over wide 


MICROFLEX range. 
TIMER 

Use where ON-OFF 

operation is contin- 

vously repeated. 

MULTIPLE The ON time and 

CIRCUIT OFF time are each 

—ADJUSTABLE —_— on the 


Use where several cir- 
COUNTER 
Use for limiting a 
process to an exact 
number of opera- 
tions. The counter 
contact opens after 
1 to 400 electrical 
impulses as selected 
W if for catalog Bulletin on dial. Automatic 

ri © 291 or send details spring reset. 
of your control problems to 
Eagle for recommendations. 


Consult Eagle representa- 
tives located in the prin- 
cipal cities. 


cuits are to close in a 
predetermined sequence. 
Time of closing and 
opening each circuit is 





adjustable. 
MULTIFLEX 
TIMER 







SFOR CONTROLLING 
INDUSTRIAL 
cuit is to close or open ea On On ae ES 


REPEAT CYCLE 


















MICROFLEX 
COUNTER 
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Se os horaleoy 


MOLINE ILLINOIS 











Sists of 2-piece casting with alj 
major parts mounted in one half for 
ease in cleaning or repair. The 
Dumore Co., Racine, Wis. 


SPECIAL-PURPOSE CRANKSHAFT Ma- 


CHINE. Drills, counterbores and 
taps 168 holes in aluminum crank- 
case, Consists of welded steel col- 
umns on each side of bed, each 
column carrying 2 standard Snyder 
units. Each unit has two 14-spindle 
heads and 2 additional tapping units 
on each column. Power is supplied 
by three 7%4-hp motors at 1200 
rpm, two 7%-hp motors at 1800 
rpm, and two 5-hp motors at 1800 
rpm. Total cycle time is 2 minutes, 
19 seconds without time for load. 
ing and unloading, which is 
manual. Snyder Tool & Engineer- 
ing Co., Detroit, Mich. 


LATHE. Precision model with 1-in. 


collet capacity, 8%4-in. swing. Fea- 
tures stepless spindle speeds from 
32 to 2000 rpm. Entirely mechan- 
ical drive designed for changing 
spindle speeds with machine run- 
ning. Electric tachometer continu- 
ously registers spindle speeds, Pow- 
ered by 1-hp motor, machine has 
high torque at low spindle speeds 
because of 9 to 1 back-gear ratio. 
High speeds obtained using matched 
V-belts. The Wade Tool Co., Wal- 
tham, Mass. 


PORTABLE GRINDERS AND POLISHERS. 


For light polishing, routing, brush- 
ing, grinding, buffing, drilling, sand- 
ing, etc. Machines deliver -hp 
at 1750 rpm through 5-ft flexible 
shaft. Additional model available 
with speeds of 1000, 1750 and 3000 
rpm, obtainable by plugging fiex- 
ible shaft into different positions 
on gearbox. Both models mount- 
ed on casters. Stow Manufactur- 
ing Co., Binghamton, N, Y. 


UNIVERSAL DIECASTING MACHINE. 


Small, low-cost, hith-pressure hy- 
draulic model. Two-stage, 10-hp 
pump delivers 43 gpm at low pres- 
sure stage and 10% gpm at 500- 
psi stage. In either cold chamber 
model for aluminum, or gooseneck 
style for zinc, tin or lead, Auto- 
matic or manual controls. Di- 
mensions: die plates, 22 by 18 in.; 
diameter of 4 tie bars, 2 in.; space 
between tie bars, 12 by 16 in.; and 
die opening, 8 in. Estimated 50 
tons locking pressure through tog- 
gle mechanism. Produces alumi- 
num castings to 2% Ib, zinc cast- 
ings to 4 Ib. Free cycle time of 
machine, over 1000 shots per hour. 
The Cleveland Automatic Machine 
Co., Cincinnati, O. 


ADJUSTABLE DRILL HEADS. Multiple- 


spindle models for drilling holes 
from 0.013 to 0.1875-in. drill sizes. 
Two-spindle unit has. close center 
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In a Diesel engine, in the boom of an excavator, or 
in the landing gear of an airplane, sleeve bearings 
and bushings are the equivalent of jewels in a 
watch. They must meet high precision standards. 


The Federal-Mogul babbitt-lined bearing pictured 
above passes through 18 precise, major manufac- 
turing operations in “strip” production. During 
this period it must pass muster in 51 measurement 
checks, visual examinations, analysis, temperature 
and special tests. Just one production operation 
immediately requires checking wall thickness in 





PERFORMANCE 


at least six places, crush relief in at least four places 
and detailed visual scrutiny of the finished lining 
surface. 


To produce the fine performance your specifica- 
tions call for there can be no compromise at any 
point in ‘manufacture. Our seven sleeve bearing 
manufacturing plants—the result of over 50 years’ 
specialization—with extensive research and engi- 
neering facilities, can combine quantity, low cost 
and quality in bearings that will do your job well. 
Your inquiry is invited. 





























in.; HIGH SPEED, high tempera- SPEED & LOAD bearings HEAVY LOAD for big Die- BRONZE PARTS tn many 

ace ture, automotive type bear- for pumps, compressors, in- sels, power plants, etc.— shapes, sizes; thrust —=> 
ings available in many dustrial electric motors and bearings up to 274%” O.D., bushings; for many types 

and combinations. similar uses. steel and bronze back. applications, 
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Make our plant 
your gear 


department — 





Heavy pitch 
gears for con- 
struction equip- 
ment. 





You can very frequently obtain quality gears and gear assemblies at a 
saving Over present cost. 

Our facilities include the most modern gear cutting machines of all 
types and many specialized machines arranged in batteries for volume 
precision production. 

Expert engineering service is available to our customers for planning 
production on an efficient and economical basis. Write for a copy of 
Amgears Case Histories that illustrate 
the value of our engineering service. 

For Purchasing Agents and Produc- 
tion Officials — Delivery Date 
Calculator free on request. 


*“AMGEARS, INC. 6633 w. sth st. 


Chicago 38, Ill. Phone—Portsmouth 7-2100 

















*AM~— Accurately Made 





An-cor-lox 


gives FU/// fl i 


AA ! 
locking security \ J, 





1. When nut is pulled up, metal locking ring flows into bolt 
threads, wedging the lock nut threads into a positive lock. 


2. Once flattened by use, the non-springing locking ring 
stays deformed, even after backing off. Grip is in- 
creased by re-use. 

3. Vibration and shock will not walk bolt off—they serve 
only to force the locking ring farther into the threads. 

4. Bolt stretch, wear and moisture do not affect the lock. 

5. Up to softening point of the metal, high temperatures 
do not lessen gripping power. 

6. Crushed locking ring prevents passage of gas or liquids. 


Available in high, thin, cap or spanner designs 





Note Send for 
wedging test wt 
action of samples x A 
flattened and % ~ 
metal ring }_| catalog 


An-cor. lox Lock leit 


LAMINATED SHIM C0., Inc., An-cor-lox Division, 1201 Union $t., Glenbrook, Conn. 


AN-COR-LOX NUTS + SHIMS - SHIM STOCK « STAMPINGS 
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spacing of 0.75-in., wide center set- 
ting of 2.062 in. Four-spindle mod. 
el has close center setting of 1.218 
in., wide center setting of 2.375 
in. in a bolt circle; in square pat- 
tern, close centers are 0.875-in,, 
wide centers are 1.6875 in. Spindles 
on both heads will operate on any 
setting in full 360-degree range. 
Aiman’s Machine Tool and Engi- 
neering Co. Inc., Pendleton, Ind. 

PNEUMATIC DIE CUSHION. Operates 
on shop air line. Adaptable to 
large straight-side presses. Ring 
holding pressures vary from 1§ to 
25 tons. Heavy-duty pin pressure 
pads made in sizes from 28 by 36 
in. to 34 by 48 in., custom made 
to fit press bed opening. Dayton 
Rogers Manufacturing Co., Minne- 
apolis, Minn. 

AUTOMATIC DRILLING UNIT. Hydrauli- 
cally controlled. Amount of rapid 
approach, rate of feed and overall 
length of stroke varied by external 
adjustment. Handles 1/32 to \- 
in. tools with standard collet chuck. 
With special chuck machine han- 
dles %-in. tools in soft materials. 
Govro-Nelson Co., Detroit, Mich. 


SHEARS, High-speed power shears for 
light-gage sheet metal, Operates 
continuously at 125 strokes per 
minute on mild steel to 20 gage. 
Cutting edge fully visible for ac- 
curate cutting to layout lines. 
Fabricated from electrically weld- 
ed steel plate with bronze bearings 
and ways. Niagara Machine & 
Tool Works, Buffalo, N. Y. 


LATHE. Heavy-duty, 16-in. model. 
Heavy spindle with 24 speeds 
mounted on 3 bearings. Hardened 
and ground gears give speed range 
of 15 to 1000 rpm in standard 
models. Multiple-disk, wet type 
clutch and brake combination run- 
ning in oil used to control spindle. 
Shifter mechanism allows shifting 
directly, from one speed to any 
other speed. Tailstock has hand- 
wheel offset 50 degrees toward op- 
erator, has 2-speed action for slow 
drilling feeds and rapid advance. 
The Springfield Machine Tool Co., 
Springfield, O. 

GRINDER. Twin-wheel, wet or dry tool 
grinder for carbide, stellite and 
high-speed tools. Both roughing 
and finishing wheels on same ma- 
chine. Independently tilting tables 
for each wheel adjustable between 
15 degrees above and 30 degrees 
below horizontal. Grinding spindles 
and coolant pump are V-belt driven 
and fully enclosed. Cranks give 
independent wheel adjustment for 
each wheel. The Standard Elec 
trical Tool Co., Cincinnati, O. 


CIRCULAR DIVIDING MACHINE. For pre 
duction ruling of precision circula? 
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Because all separable parts are interchangeable 


,| Any inner race or outer race will fit any roller 


assembly of the same piece number. This elimi- 
nates selective fitting and permits you to as- 
semble the separable bearing parts in different 


-| machine elements and then bring the elements 


together, fully confident that all bearing parts 
will match. 
Add to this the fact that Hyatt Hy-Load Roller 


Bearings are available in a full range of sizes and 
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ten major types, and you have some idea of the 
wide flexibility of product design and assembly 
procedures made possible by the use of Hyatts. 
e as * 

If you are designing something new, or re- 
designing an existing product, reach for a Hyatt 
catalog and see for yourself why “It is easier with 
Hyatts.”’ Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. 


HYATT ROLLER BEARINGS 
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“America’s Preferred 
Air-Cooled Power” 


There are more Briggs & Stratton air-cooled gasoline engines 
in service — on farm equipment, industrial machines, tools, 
and appliances — than all other makes of gasoline engines 
in their field combined. 
Briggs .& Stratton is the world’s largest builder of single- 
cylinder, 4-cycle air-cooled engines — with unmatched en- 
gineering and manufacturing experience gained in more 
than 30 consecutive years of continuous production and the 
building of more than 4 million air-cooled engines. 
You can depend on Briggs & Stratton engines — “America’s 
preferred air-cooled power”. 


BRIGGS & STRATTON CORP., Milwaukee 1, Wis., U.S.A. 


4. ae m 
BRIGGS & STRATTON 
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PORTABLE ELECTRIC 








scales on instruments and machine 
tools. Lines can be ruled on any 
horizontal, beveled or cylindrica] 
surface at speeds to 60 lines per 
minute. Spacings accurate to plus 
or minus 15 seconds of arc, Max 
size of work handled, 20 in.; max 
diameter on vertical rulings, 10% 
in.; length of lines, 0.02 to 0.5-in, 
The Gaertner Scientific Corp., Chi. 
cago, Ill. 


WHEEL CRUSHER UNIT. Portable. For 


crush-forming grinding wheels. Rol] 
arbor mounted with heavy-duty 
roller bearings, unit equipped with 
%-hp, 115-volt, 60-cycle, single. 
phase motor. Standard unit used 
to form grinding wheels to 1% in. 
wide. Wider wheels formed by ad- 
dition of longer roll spindle, Jerp. 
bak-Bayless Co. Inc., Chagrin Falls, 
Oo 


PRESS. Capacity, 5 tons. Weight 


without motors, 300 Ib. Includes 
roller bearings in flywheel, cam 
actuated brake, and nonrepeating 
safety mechanism. Frame is of 
semisteel unicast construction. Sales 
Service Machine Tool Co., St. Paul, 
Minn. 

DISHWASHER. 
Does not require permanent plumb- 
ing or electrical connections, result- 
ing in reduced installation costs. 
Rubber inlet hose connects to hot 
water faucet, drain hose discharges 
into sink. When not in use, ma- 
chine rolls out of the way. Dish- 
washer has same capacity as de- 
luxe automatic machine but is man- 
ually controlled. Dimensions: 
height, 36 in.; diameter, 23% in 
General Electric Co., Bridgeport, 
Conn. 


MOWER. Horizontal-blade type ma- 


chine powered by 2-hp, vertical- 
shaft, air-cooled motor. Use of 
vertical engine shaft eliminates 
clutch and belt drive. Carriage 
mounted on 3 pneumatic tires. 
Height adjustable from 1% to 3 
in. Weight of manually propelled 
machine, 87 Ib. Moto-Mower Co. 
Detroit, Mich. 


AIR COMPRESSOR. Portable. Capacity, 


500 cfm at 100 psi. Unit starts 
as low-compression gas engine, is 
shifted to full diesel operation af- 
ter short warm-up period. Speed 
regulator adjusts compressor to 
lowest practical working speed to 
hold desired pressure. Ingersoll- 
Rand Co., New York, N. Y. 


CONTOUR GRINDER. Truforming m® 


chine reduces grinding time on 8-it. 
circular saws from 10 to 2% milk 
utes. Grinding wheel covers entifé 
saw area to be shallow tapered 
both grinding wheel and saw rotat- 
ing during grinding. Outer edge of 
blade ground. to 0.086-in., tapered 
to 0.058-in.. one inch from edg® 
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VSaves You Time, Work and MONEY 


The GUIDE tells all about “Design Horsepower” and Speed Ratios 
—and by merely scanning a page of GUIDE designs which use 
the stock pulleys that meet your needs, you can quickly deter- 


These Two Valuable“Tools” of 


V-BELT DRIVE 


GUID 


V-BELT DRI\} 


DY-X3felaMmolale MPV e) e)ifxotilela 


. care YOUFS for the Asking! 


The Gates “GUIDE for SELECTING or DESIGNING V-BELT 
DRIVES” is widely recognized as the most comprehensive and 
complete book of its kind—and also the easiest to use. It enables 
you to find all the possible combinations of stock drives for your 
machine with the least amount of calculation—and almost auto- 
matically gives you the drive of lowest price that will be ade- 


quate for the job. 





Also, A Monthly Report of All 
That's New and Progressive 


mine the center distances that will fit your equipment layout 


while, at the same time, enabling you to use standard belts! 


VYou Can Design ANY Drive 


The Gates GUIDE tells when you can use a V-Flat drive—and 
gives you a simple way to choose a practical V-Flat design using 
stock driver sheave with whatever flat pulley you may already 


have on hand. 


As a matter of fact, by using the Gates GUIDE you can design—with 
a minimum of calculation—any kind of V-Belt drive for every kind 
of operation—including quarter-turn drives and Dubl-V drives. 


Vwritten By GATES Engineers 


CF 


\ 


T 


The GUIDE is compiled and written by Gates En- 
gineers. It embodies their specialized knowledge 
gained through operating the largest V-Belt test- 
ing laboratories in the world! Here, an average 
of 32,000 hours of testing per week are run on 
V-Belts alone! No wonder the Gates “GUIDE for 


SELECTING or DESIGNING V-BELT DRIVES” 
is regarded by Engineers as the authority onV-Belt 


Drive design. 


— ~~“, DRIVES 


IN ALL INDUSTRIAL CENTERS 
HE GATES RUBBER COMPANY 


World’s Largest Makers of V-Belts 
DENVER, U.S.A. 
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The Gates “INDUSTRIAL NEWS,” 


published monthly, gives interesting 
“case histories” of V-Belt drive installa- 
tions designed and used by practical 
operating men and engineers. These 
case histories are selected from thou- 
sands of applications. Among other 
things they show — what can be accom- 
plished with V-Belts— how to install vari- 
ous drives—unique applications—unique 
uses — examples of savings — and other 
valuable “how-to-do” ideas. 


Whether you are a practical operating man or a 
design engineer, you can save much time, hard work and 
money by having these useful Gates publications. Just ask 
for them—using the coupon below. They will be sent to 
you without cost or obligation of any kind! 





941 So. Broadway, Denver 17, Colorado 


i 5 ienhd the dale to. padhpaerulibeniaiiinien saa 
; 5 The Gates “GUIDE for SELECTING or DESIGNING 


LC) Gates “INDUSTRIAL NEWS,” published monthly, 
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Crucible methods, 
experience, know-how and 
equipment not only result in 
highest quality but also per- 
mit attractive savings to you. 
Bearings, bushings and wear- 
ing parts, machined or rough 
cast from 


American 
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Castings to your patterns—any 
size, shape or section up to 
3,000 Ibs. Pattern making, 
designing and machining. 
PROMET 
BRONZE BAR STOCK 


Round, hexagon and square. 
Rough cast or semi-finished. 
Cored stock, all sizes (by % 
teps) from 4” minimum core 
to 12” O.D. and 13” length. 
Six grades of hardness. 


yote you on your re- 
Ss. and make — 
mendations as ‘o alloys. ou 
core invited to submit pe go 
conditions of operation and other 
data. 













THE 
AMERICAN CRUCIBLE 


PRODUCTS CO. 


1321 OBERLIN AVE. 
LORAIN, OHIO 
U. S. A. 












































then to 0.069-in. at point 15% in. 
from center of saw. Truing and 
working cycles of machine are au- 
tomatic, with pushbutton control. 
Thompson Grinder Co., Springfield, 
oO. 


Plant Equipment 
AUTOMATIC WEIGHER. Electronically- 
controlled unit for weighing to 5 
lb. Has bucket capacity of 270 
cu in., operates with bags, cartons, 
and glass and metal containers. 
Feeder handles tea leaves, spices, 
coffee, cereals and other materials 
too light to pass through gravity 
feeders. Electronically-controlled, 
high-speed valve closes when exact 
weight is reached. Speeds to 25-30 
per minute on 1-lb charges with ac- 
curacy of 1/16-0z possible. Shock 
absorber removes vibration caused 
by opening and closing of bucket 
door. Can be set for automatic or 
manual operation. The Automatic 
Scale Co. Inc., New York, N. Y. 


PORTABLE DUST COLLECTORS, Heavy- 
duty units with capacities of 450, 
900 and 1800 cfm at high air ve- 
locity. Can be set up to service 
individual machines in isolated lo- 
cations, eliminating costly pipe 
runs. Unit consists of motor, ex- 
hauster, centrifugai precleaner and 
steel wool filter after-cleaner. Col- 
lectors are fire proof; exhaust 
stack connections furnished at top 
or any side of units. The Kirk & 
Blum Mfg. Co., Cincinnati, O. 

COAL DRYER. For spreader-stoker 
units. Mixture of air and furnace 
gas enters dryer at about 1000 F, 
dry and preheats coal. Coal is suf- 
ficiently preheated to materially re- 
duce time for ignition, reducing 
amount of fine coal carried into 
boiler passages. Iron Fireman, Port- 
land, Oreg. 

ELECTRIC HAMMER. Model No. 10 has 
5g-in. diameter drilling capacity.Use 
of light-weight selenium rectifier 
makes unit self-contained. Since 
rectifier is now incorporated in 
handle casting, operator plugs 110- 
volt a-c power line directly into 
hammer. Syntron Co., Homer City, 
Pa. 


Power Equipment 
STANDARDIZED CONTROL CENTERS. Con- 
taining motor-starter units for 
centralized control of groups of 
machines. Feature plug-in type dis- 
connects on line side for added 
safety. Units are 20 in. wide, 20 in. 
deep, with heights in multiples of 
14 in. Fit standard indoor struc- 
tures either 76 or 90% in, high 
Can also be mounted back-to-back 
in same structures. Panels can be 
locked in tilt-out position, discon- 
nected from line. Connectors auto- 
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Accurate Springs 


Cost conscious purchasing 
agents, engineers and produc- 
tion men examining their 
sources of supply will do well 
to consider Accurate as a source 
for springs, wire forms and 
small stampings. We at Accu- 
rate have an enviable record of 
saving money for our custom- 
ers. Our production “know- 
how” is backed by a modern 
plant equipped with the very 
latest cost-cutting springmak- 
ing machines to produce uni- 
formly accurate components 
for your product. 

We would welcome the op- 

rtunity to show you what we 

ave done for others and what 
we can do for you. Give us a 
ring or write us today, 





COST CONSCIOUS QUALITY 
Since 1930 ' 
ACCURATE SPRING MFG. CO. 


3813 W. Lake St. * Chicago 24, ill. 





matically connect line terminals 


Springs, Wire Forms, Hlampings 
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NOW READY FOR DELIVERY 


PRODUCTION PROCESSES 


Their Influence on Design 


Much has been done to effect cost re 
ductions through the development of im- 
proved production processes. But the great- 
est savings are those effected before pro- 
duction begins. These pre-production savings 
can be brought about only through the ef- 
forts of designers whose work reflects a keen 
appreciation of the character, scope, cap- 
abilities and limitations of the process of 
production involved. 

The problem, however, is how to get such 
an overall understanding. Few designers or 
students of design have ready access to in- 
timate on-the-scene study of processes, and 
even those who have a background of shop 
experience have not worked with all the 
processes. 

This new book by Roger W. Bolz fills 
this great need for an overall understanding 
of the various production processes and their 
influence on design. Each chapter of this 
568-page volume deals in practical, down- 
to-earth language with a single production 
process. And every process treated has been 
approached in a similar manner to permit 
you to make a broad, fair analysis of each 
from the same design vantage point. 

‘Thirty-six different production processes 
are described. The machines employed in 
every process are discussed, including data 
on the range of work they can handle, their 
production rates, and significant features 
of their design and construction. 

It shows you how to design parts to per- 
mit optimum-speed, how to get low-cost 
production of parts via the process, what 
materials are suited to fabrication by the 
process and the quality and accuracy of 


Published by The Penton Publishing Company, Penton Building, Cleveland 13, Ohio 











































the surface finishes produced — with 
practical tolerances which can be held. 
COMPLETELY NEW 


Production Processes . . . Their Influence 
on Design is based upon the series of ar- 
ticles which appeared in Machine Design 
Magazine up to September, 1948. Every chap- 
ter has been entirely rewritten, expanded 
and revised to include all the pertinent 
factors not possible to cover in a magazine 
article. For instance, the chapter on Broach- 
ing alone is 3 times as long in the book 
as it was in the original Machine Design 
article. New chapters which have been add- 
ed contain completely new introductory ma- 
terial on designing for production, rules 
to be followed generally, and examples of 
savings possible by designing for a specific 
process. 

Production Processes . . . Their Influence 
on Design should be in the technical library 
of every design engineer. Use the conven- 
ient coupon below to order your copy today! , 








Free Ten Days Trial 


You may decide for yourself that “Produc- 
tion Processes . . . Their Influence on De- 
sign” is the most comprehensive and usable 
book on the subject today. Just fill in the 
convenient coupon below—it will bring you 
a copy by return mail. If after ten days you 
keep the book, send us $10.00 plus postage, 
or return the book in good condition. If you 
prefer a copy C.O.D., postal charges will be 
added. Orders accompanied by payment in 
full will be sent postpaid. 
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Handsomely clothbound and stamped in gold. 568 pages; 652 photographs; 61/2 
by 10 inches. Thoroughly covers the following. . . 


It Grinding 


and Hammering 


METAL WORKING AND FORGING 


THE PENTON PUBLISHING COMPANY, Book Department MD-9 
1213 West Third Street, Cleveland 13, Ohio 


Send me a copy of “Production Processes . . . Their Influence on Design.” 


[J On ten days trial for free examination, following which I will either pay for the book 


Cj C. O. D. 
(-) Remittance enclosed* in which case the book will be sent postpaid. 
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at $10.00, plus postage, or return it in good condition. 
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SPEED PRODUCTION 
SAVE EQUIPMENT 


CUT COSTS! 








with Diamond <> 
STAMPINGS 


Small stampings . . . medium 
stampings . . . from a part for a 
lock to a television chassis— 
Garrett produces them for all 
industries in quantities from a 
thousand to millions. 









OUR EQUIPMENT . . . YOURS 
Save on stampings. Our modern 
high-speed presses, "“design- 
ability” and complete line of 
finishing equipment .. . includ- 
ing tumbling, sand blasting, 
heat treating and plating equip- 
ment... can produce stampings 
to your specifications. You con 
save on stampings at Garrett's. 


DIAMOND G SERVICE COUNTS 
Whether you need stampings, 
lock washers, flat washers, 
springs, retaining rings or hose 
clamps, Garrett makes them all 
_.. and Diamond G Service will 
deliver them when you need 
them. That's why industries 
leaders say “Go to Garrett's for 


parts." 


DIAMOND G PRODUCTS 
Manufactured by 
GEORGE K. GARRETT CO., INC. 
D & Tioga Sts., Phila. 34, Pa. 
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when starters are inserted, Units 
baffled from each other for added 
short-circuit protection. Westing- 
house Electric Corp., Pittsburgh, 
Pa. 


LIGHTWEIGHT ENERGIZER. Supplies 
power suitable for medium require- 
ments of low-voltage d-c power for 
aircraft, airports and aircraft test- 
ing stations. Two-unit, 2-bearing, 
self-ventilated motor-generator set 
rated at 265 amp, 7.5 kw. Carries 
500-amp overload for 1 minute. 
Regulated voltage ranges are 13-17 
volts and 28-35 volts. Regulation 
within plus or minus 24%4% over en- 
tire range. Induction motor is squir- 
rel cage type, 220, 440 or 550-volt, 
2 or 3-phase, 60-cycle. General 
Electric Co., Schenectady, N. Y. 


Materials Handling 

PORTABLE BELT CONVEYOR. For use as 
floor-to-floor conveyor and stacker. 
In belt widths of 6 to 36 in., lengths 
of 12, 15, 18, 20 and 24 ft. Hither 
slider or roller bed construction, 
furnished with power-driven tail 
feeder and wheel, roller gravity 
section or nosed-over delivery. 
Screw-jacks in raising mechanism 
permit locking at any desired 
height. Conveyor rides on 2 sta- 
tionary. and 2 swivel 5-in. casters. 
Floor locks maintain desired loca- 
tion, Sage Equipment Co., Buffalo, 
N. Y. 


STACKER. Hand-operated model with 
load capacity of 1000 lb. Raises 
24 by 26-in. platform from 6 to 58 
in. Platform locks in any position, 
cannot settle under load. Overall 
dimensions: height, 70 in.; width, 
32 in.; length, 42 in. Platform 
movement accomplished through 
hand crank, roller chain, bevel gears 
and screw. Provision made for rapid 
platform movement under light 
loads. Weight, 328 lb. The Hamilton 
Tool Co., Hamilton, O. 

AUTOMATIC PACKAGE FEEDER. Posi- 
tions bundles for required number 
of ties in standard wire-tying ma- 
chines. When used for newspapers, 
feeder handles 24 single-tied bun- 
dles, 20-in. high, per minute. Con- 
trol switch regulates mechanism for 
required number of ties; electric- 
ally-controlled roller drive and air- 
actuated pusher position the bundle 
for tying. Feeder stops if wire 
breaks, preventing jamming. Curtis 
Development & Manufacturing Co., 
Milwaukee, Wis. 


Testing and Inspection 
DYNAMOMETER, Fractional-horsepower 
unit for determining speed-torque 
curves, fuel or energy consumption, 
efficiency curves, max running 
torque, etc., of both driven and 
driving machines. Has continuous 
absorption rating of %-hp at 1725 








SHOCK 
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DICTAPHONE 


CORPORATION 
uses 


BARRYMOUNTS 


The new concept of speech repro- 
duction — by a stylus riding freely 
on the unique Memobelt record 
of the Dictaphone Time-Master 
Transcriber — demands complete 
freedom from jarring impacts of 
typewriter operation or building 
vibration. Four tiny BARRY- 
MOUNTS '‘float" the entire unit, 
giving this essential protection. 


BARRYMOUNTS 

will fit your designs 
. when sensitive apparatus — 
electronic or mechanical — must be 
protected from shock and vibration... 
when the hum or pounding of noisy 
machinery must be kept from floors 
and walls . . . when protection is 
required for airborne, shipboard, mobile, 
or railroad equipment. 


Whatever your shock or vibration 
problem, Barry experience and 
consulting engineering facilities 
offer a sure solution. Write for 
free catalog listing stock BARRY- 
MOUNTS; for special informa- 
tion, call our nearest office or 


write to 





«BARRY: 


Main Office & Cambridge 39 
175 Sidney St. Massachusetts 


New York Rochester Philadelphia UIE be 


Cleveland Dayton Chicago Minneapolis 


St. Lowis Toronto 


Los Angeles 
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One of four models \A Specig] 
manufactured by 
William Miller Corp. 
Pasadena, Calif. Moto, 


foras.. 
This@{Epowered recording oscillograph P€cig/ Duty 


serves as mechanical eyes and ears 
for aircraft flight and ground tests Write us about your 


motor requirements 


We invite correspondence, without obliga- 
tion, for preliminary study of any current 
electric drive problem you. may have. 






The record traced by this Miller oscillograph during flight, taxiing, and 
ground tests reveals the secrets of performance. Serving as multiple “eyes 
and ears,” this equipment records data on vibration, temperature, stress, 


strain, «nd other factors. Telling “the unvarnished truth,” it guides aircraft Motor design problems of manufacturers 
builders in elimination of “bugs” in new designs, and provides invaluable in widely varying fields have been solved by 
data for re-design and preparation of new designs. our engineers. Our specialty is tough prob- 


lems of function, power, size, weight, shape, 
performance, installation, and operation. 


Operating methods of this machine demand special and severe motor 
requirements. Space limitations do not permit use of a conventional motor. 
EEMCO met these demands with a compact, versatile motor for operation. 
on 6, 12 or 24 volts d.c., and 110 volts a.c. or d.c., with 50 watts output at 
3000 r.p.m. It is governor controlled, with plus or minus 1% speed variation. 
The EEMCO motor’s superior starting torque for quick starts, and its constant 
speed, assure complete, faithful recording. Here is a typical example of 
desired results delivered when the problem is put up to EEMCO. 


ELECTRICAL ENGINEERING and MFG. CORP. 


4612 West Jefferson Boulevard © Los Angeles 16, California 
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Titeflex 
ALL-METAL 
FLEXIBLE TUBING 


lf your operation requires*moving 


gases or liquids under pressure, 


chances are Titeflex can increase 
your efficiency and lower your costs. 
Titeflex made in five metats,: to 
Yo) h'Z-M o] de) o)l-1uil Meola il tol Melale Mae] acon 
sion as well as pressure. Its made 
Ano ME elas) °)(-1(-M delale [Mel MEP 4-. Sameolale 
it lasts¢+6nger because it's all-metal 
It.remains flexible even when under 
pressure, with no danger of leakage 


Write 


adil ollalemmali-isi-s ameleh delalielel=s> 


an iels complete @ebielielsmmel—o 


n fyl! 


TITEFLEX, INC. 


Ne 


Titeflex All-Metal Flexible Tubing 








rpm and intermittent rating of 1% 
hp. Max safe speed, 4000 rpm. In- 
cludes 9%-in. Chatillon dynamo- 
meter scale graduated in 0.1 Ib 
subdivisions, control panel, etc., and 
optional indicating tachometer 
equipment. General Electric Co., 
Schenectady, N. Y. 


X-RAY THICKNESS GAGE, Designed to 
measure thickness of cold-rolled 
steel strip ranging in thickness 
from 0.0050 to 0.1196-in., in steps 
of 0.0001-in. Gage compares amount 
of X-ray absorption from 2 beams 
identical in intensity, 1 through 
sample of exact thickness to be 
rolled and another through strip 
being rolled. Results are inter- 
preted visually. Electrical and 
radiation safeguards provided for 
personnel. Westinghouse Electric 
Corp., Pittsburgh, Pa. 


TIRE BALANCER, For truing tires for 
roundness and then balancing. 
Equipped with two %-hp motors, 
1 for rotating tire and other for 
operating rotary knife, Pantograph 
templates control arc of knife 
across tread. Handles all size tires. 
O. K. Rubber Welding Mfg. Co., 
Littleton, Colo. 


UNIVERSAL TESTING MACHINE. Capac- 
ity, 60,000 lb in 2 ranges; max ca- 
pacity range graduated in 10-lb 
units and a 12,000-lb range gradu- 
ated in 20-lb units. Hydraulic load- 
ing unit separate from indicating 
and control unit. Tensile or com- 
pression load applied by integrated 
piston and elevating cage mechan- 
ism. Loading controls give infin- 
itely variable speeds between 0 and 
2 in. per minute. Vertical distance 
between gripping heads, 1 to 18 in.; 
clear lateral space between col- 
umns, 10 in. Baldwin Locomotive 
Works, Philadelphia, Pa. 


VIBRATION TEST STAND, For 2-dimen- 
sional vibration of loads to 500 Ib. 
Specimens tested under constant 
amplitude or constant force condi- 
tions. Semiportable machines re- 
quire no concrete base; all vibra- 
tory forces are absorbed in sus- 
pended unit. Turntable to obtain 
third direction of vibration avail- 
able. Frequency range, 3 to 60 
cps; amplitude range, 0 to %-in. 
Amplitude controlled by gas pres- 
sure displacing liquid in vibration 
generators. L. A. B. Corp., Summit, 
N, J. 


Transportation 

TRAILERS. For carrying earth-moving 
equipment. Folding gooseneck low- 
ers to ground to form loading ramp. 
When trailer is loaded, power-op- 
erated winch on truck raises goose- 
neck to towing position. Capacities, 
to 100 tons. Martin Machine Co., 
Kewanee, IIl. 





INTERESTED IN 
PLASTICS? 


This brand new “how- 
to-do-it” book of tech- 
nical data will help you 
determine the RIGHT 
plastic material, the 
RIGHT mold design 
and the RIGHT fab- 
ricating technique 
to solve your | 
plastics prob- ? 
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“Plastics in Engineering” by John Delmonte 
's not an elementary text. It’s an important 
working “tool” for everyday reference by de- 
signers, engineers and users of plastics. 

Written in the language of men who use 
plastics in design and production, “Plastics in 
Engineering” is one of the most valuable addi- 
tions you can make to your technical library. 

You'll find it a veritable gold mine of engi- 
neering data on methods of fabrication, the od- 
vantages and limitations of various materials 
and the chemical and physical characteristics 
of plastics. 

You'll have scores of up-to-the-minute facts 
about plastics right at your fingertips: How 
strong various plastics are—for what uses they 
are best suited—how to design plastic parts— 
how these remarkable synthetic materials are 
molded, extruded, laminated, cast—how much 
heat they will stand—how to guard against fail- 
vre—how to machine plastics and other vital 
factors that are so essential to satisfactory 
plastics performance. 

Over six-hundred pages, fully illustrated with 
photographs, detailed drawings and tables, 
cover every phase of the plastics industry from 
raw material to finished product. From its first 
chapter which dips into the intriguing history 
and development of the plastics industry, to the 
last chapter which reveals the primary cost fac 
tors in producing plastics, it covers its field 
thoroughly and authentically. 


PLASTICS IN ENGINEERING 


(Completely Revised Third Edition) 
by John Delmonte 
Technical Director, Plastic Industries’ 
Technical Institute . 


SEND FOR YOUR COPY TODAY 


THE PENTON PUBLISHING COMPANY, MD-9 

Book Department 

1213 West Third St., Cleveland 13, Ohio 

Send me a copy of “Plastics in Engineering” by 

John Delmonte. 

[] On ten days trial for free examination, following 
which | will either pay for the book at $10. plvs 
postage, or return it in good condition. 

0 c.0.D. 

1 Remittance enclosed* in which case the book will 
be sent postpaid. 
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*On orders for delivery In Ohio please add 30c to cover 
state sales tax. 
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